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Chimeric genes which are capable of being expressed in plant ceils. Such genes contain (a) a promoter region de- 
ived from a gene which is expressed in plant cells, such as the nopaiine synthase gene; (b) a coding or structural sequence 
vhich is heterologous with respect to the promoter region: and (c) preferably, an appropriate 3' non-translated region. 
>uch genes have been used to create antibiotic-resistant plant cells; they are also useful for creating herbicide-resistant 
slants, and plants which contain mammalian polypeptides. 
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CHIMERIC GENES SUITABLE FOR 
5 EXPRESSION IN PLANT CELLS 

Technical Field 

This invention is in the fields of genetic 
0 engineering, plant biology, and bacteriology. 

Background Art 

In the past decade, the science of genetic 
5 engineering has developed rapidly. A variety of 

processes are known for inserting a heterologous gene 
into bacteria, whereby the bacteria become capable of 
efficient expression of the inserted genes. Such 
processes normally involve the use of plasmids which 
) may be cleaved at one or more selected cleavage sites 
by restriction endonucleases , discussed below. 
Typically, a gene of interest is obtained by cleaving 
one piece of DNA and the resulting DNA fragment is 
mixed with a fragment obtained by cleaving a vector 
» such as a plasmid. The different strands of DNA are 
then connected ("ligated") to each other to form a 
reconstituted plasmid. See, for example, U.S. Patents 
4,237,224 (Cohen and Boyer, 1980); 4,264,731 (Shine, 
1981); 4,273,875 (Manis, 1981); 4,322,499 (Baxter et 
al, 1982), and 4,336,336 (Silhavy et al. 1982). A 
variety of other reference works are also available. 
Some of these works describe the natural processes 
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whereby DNA is transcribed into messenger RNA (mRNA) 
and mRNA is translated into protein; see, e.g., 
Stryer, 1981 (note: all references cited herein, other 
than patents, are listed with citations after the 
Examples); Lehninger, 1975. Other works describe 
methods and products of genetic manipulation; see, 
e.g., Maniatis et al, 1982; Setlow and 
Hollaender,1979. 


10 Most of the genetic engineering work 

performed to date involves the insertion of genes into 
various types of cells, primarily bacteria such as 
Ej_coli, various other types of microorganisms such as 
yeast, and mammalian cells. However, many of the 

15 techniques and substances used for genetic engineering 
of animal cells and microorganisms are not directly 
applicable to genetic engineering involving plants. 

As used herein, the term "plant" refers to a 
20 multicellular differentiated organism that is capable 
of photosynthesis, such as angiosperms and 
multicellular algae. This does not include 
microorganisms, such as bacteria, yeast, and fungi. 
However, the term "plant cells" includes any cell ■ 
5 derived from a plant; this includes undifferentiated 
tissue such as callus or crown gall tumor, as well as 
plant seeds, propagules, pollen, and plant embryos. 

A variety of plant genes have been 
0 isolated, some of which have been published and/or are 
publicly available. Such genes include the soybean 
actin gene (Shah et al 1982), com zein (Pederson et 
al, 1982) soybean leghemoglobin (Hyldig-Nielsen et al, 
1982), and soybean storage proteins (Fischer and 
5 Goldberg, 1982). 
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The Regions of a n»n» 


The expression of a gene involves the 
creation of a polypeptide which is coded for by the 
gene. This process involves at least two steps: part 
of the gene is transcribed to form messenger RNA, and 
Part of the mRNA is translated into a polypeptide. Although 
the processes of transcription and translation are not 
fully understood, it is believed that the 
transcription of a DNA sequence into mRNA is 
controlled by several regions of DNA. Each region is 
a series of bases (i.e., a series of nucleotide 
residues comprising adenosine (A), thymidine (T) 
cytidine (C), and guanidine (C)) which are in a 
desired sequence. Regions which are usually present 
in a eucaryotic gene are shown on Figure 1. These 
regions have been assigned names for use herein, and 
are briefly discussed below, it should be noted that 
a variety of terms are used in the literature, which 
describes these regions in much more detail. 

An association r» 7 ^„ 2 causes ^ 
polymerase to associate with the segment of DNA 
Transcription does not occur at association region 2- 
instead, the RNA polymerase normally travels along an 
intervening r^ io n 4 for an appropriate distance, such 
as about 100-300 bases, after it is activated by 
association region 2. 

A transcription initiati on semifine* 6 
directs the RNA polymerase to begin synthesis of mRNA. 
After it recognizes the appropriate signal, the RNA 
Polymerase is believed to begin the synthesis of mRNA 
an appropriate distance, such as about 20 to about 30 
bases, beyond the transcription initiation sequence 6 
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This is represented in Figure 1 by intervening 

The foregoing sequences are referred to 
collectively as the promoter r«rion of ^ gene . 

The next sequence of DMA is transcribed by 
Po^erase into messenger RNA which is not 
translated into protein. In general, the 5' end of a 
strand of mRNA attaches to a ribosome. in bacterial 

llstl attaCh " ent " £acilit "«> ^ a sequence of 

bases called a "ribosome binding site" (RBS ) 

However, in eucaryotic cells, no such RBS sequence is 

Known to exist. Regardless of whether an RBS exists 

in a strand of mRNA, the mRNA moves through the 

ribosome until a "start codon" is encountered. The 

ra«lV°^e iS ri USU4Uy «» se "~ •< ««- bases. AUG; 
rarely, the codon GUC may cause the initiation of 
translation. The non-translated portion of mRNA 
located between the 5- end of the mRNA and the start 

10 of ~ r \ ferre<1 " " -T~ 
s Is flT*- ^ =°»«P-ding sequence in the DNA 

not ^. SPS " flC seriM ° f bases in this sequence is 
not believed to be of great importance to the 
expression of the gene; however, the presence of a 
premature start codon might affect the translation of 
the mRNA (see Kozak, 1978). 

A promoter sequence may be significantly 
-re complex than described above; for example, 
certain promoters present in bacteria contain 
^" 0ry Se9UTOCeS «* referred to as 

or ZT SUCh C ° nPleX Pr ° BOte " -e 
or ^more sequences which are involved in induction or 

repression of the gene. One example is the lac 
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P L : ^irr^of en2yaes ^ ^ *• 

no.,.* Another example is the trp 

operator. wluch does not promote transcription^: 
» translation of certain tryptophan-creatin^ enzymes if 

e.g.. Miller and Reznixoff, 1982. 

10 called th. m ^ ^ 3equence ° f b «es is usually 

called the coding sequence or the «ructural s^guence 
14 Un the DNA molecule, or « ( ln the ^AmoS? 
As mentioned above, the translation of a polypeptide 

* transl "«n mechanism in the ribosome. The start 

o form a *"* t0 " Ch 0ther by 

always fori T* tlde ' " artin9 " ith -thionine. which 
always forms the amino terminal end of the polypeptide 

>0 1 reSidUe My bC ^«^«tl y remlve, 

wLchTn yPe " tide ^ 0thSr en2 ^ s >- »» bases 
which follow the AUG start codon are divided into sets 

acid tote"? ^ additi0 " ° f 3 — i«c 

— , see. ITZ^^ - 

' - ^ciSes^ COd ° n ^ «— 

«» specifies glycme. and UGU specifies cysteine. 

stop codons; when a stop codon reaches the 

it atb^nTfot:: : f a ribosoBe ' 

f0O,ed d «engages from the ribosome. 


OMfl 
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th. last preceding amino acid residue becomes the 
carboxy termini end of the polypeptide. 

3- aid. re * l0n ° £ WhiCh 15 located « 

referred I V*"? C0<, ° n in * » 0MC "^c gene is 
referred to herein as 3' non-tr.n,, i ~~ .„ „ 

This region 18 is believed to be inv.Xv.d in tte 

after it ls transcribed. This region 18 is also 
believed to contain a sequence of bases. 

number of adenl en2y " 9 ** ta 4 

umber of adenosine residues to the mRHA molecule to 
form Polv-A f.ii 22 . "oiecuie, to 

region 24 ^ °° leCUle 4 3 ' non-tr™., 
for the corresponding mitttt region „ 
However, the DNA molecule does not have a 
Poly-adenylation signals 20 (a8MA) .nd 2S (Dm, a« 
represented in the figures by a heavy dot. 

Gene-Host Incnmp.i-i k. i i ... 

The same genetic code is utilized by all 
Uvin, orgasms on Earth. Plants, animals Ld 
microorganisms all utilize „ 
between codons and ^ iTl'ZZll'ZT" 
c=de ,1 to the structural ^ofT" 

codon and'on. st Se9 " ,nt °' ^ « «*" 

"°? 0M " op codon «•*<* codes for the 
translation of mRNA into polypeptides. 

in one typeTc^ *** P "' 01 - «"«ie„tly 

aifferenf ype f " *» a 

expressed i^E If! eXa * Pl °- a «— is 

ea m E . col i may be transferred into a 
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10 


15 


20 


25 


30 


35 


different type of bacterial cell, a fungus, or a 
yeast. However, the gene might not be expressed in 
the new host cell. There are numerous reasons why an 
intact gene which is expressed in one type of ceil 
might not be expressed in a different type of cell 
See e.g., Sakaguchi and Okanishi, 1981. Such reasons 
include: 

1. the gene might not be replicated or 
stably inherited by the progeny of the new host cell. 

2. the gene might be broken apart by 
ZTclT end ° nUCl "" S « oth « Byrnes - the new 

b. 3 ', the PrOBOter "9 ion ot the gene might not 

be receded by the RNA polymerases in the new host 


bound by a repressor protein or other molecule in the 
new host cell, because of a DNA region which resets 

z it 01 r er re9uiatory sequen « ° £ «» 

DHA. For example, the lac operon includes a 
polypeptide which binds to a particular sequence of 

s HseTi' 0 T - PrOBOt " UnlMS "» P°^eptide 
ltSel£ "activated by lactose. See, e.g Miller 
and Reanikoff, 1982. ' e.g., Miller 

deleted 5 ' " m °" " 9i0nS ° f * ene "i*t be 
ox ^e h r :? r9ani " d ' ° r rel °«"< to a different part 
of the host's genome. For example, numerous 

pro'mo?"" a " te0Wn t0 C ° ntain "hich 

promote genetic recombination; (such as the rec 

Proteins in E^coli,. see. e.g.. shibata et JTl»79> 

and transposition (see. e.g.. Ihe «th Cold Spring 


/ omu \ 
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Hartor symposium on Qu.ntitativ. Biolo^, 19tl) . : „ 
addition, naturally-occurring genetic modification can 
be enhanced by region, of homology between different 
strands of DNA; see, e.g.. Redding. 1978 . 

f™. , S ' transcribe<i f ™» the gene may suffer 

from a variety of problems. For example it mLh, T 
degree before it reaches the ribosole 'or i tg h ? 

Tit £ir d : Dnatt * ° r *» the ribosl, 

or it might not interact properly with the ribosome 

lllll Tl C ° nt4in ^ eS " nti41 *ich Is 

deleted by Wtt processing enzymes. 

trans, „,< ? ' T* POl5,I,eptid « wh "h is created by 

suffer from a variety of problems. For example the 
Polypeptide may have a toxic effect on the cell « i t 
»ay be glycosylated or converted into an altered 
Polypeptide, or it may be cleaved into shorter 
Polypeptides or amino acids, or it may be segu.stered 

r , .xpr^nr: •£ ^t:;::j°zv™ 

S leu iS F S — ^ — froTLe^ r I" 
of t ! eXamPle - 3 9ene fr °"> » ««ain species 

likelv 1-r, genus. The gene is less 

•Ukely to be expressed by bacteria of a different 
genus, and even less likely to be expressed by 

alga\ TL al miCr ° 0rWiS - ■«* - yeast, fungus, or 
algae it is very unlikely that a gene from a cell Q t 
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These and other problems have, until now 
thwarted efforts to obtain egression of foreign genes 
into plant cells. For example, several research teams 
have reported the insertion of foreign DNA into plant 
ceils; see, e.g., Lurquin, 1979; Krens et al, 19 82 . 
Oevey et .1, 1980 . At lMlt of resweoer8 

have reported the insertion of entire genes into plant 
cells. By use of radioactive DNA probes, these 
researchers have reported that the foreign genes (or 
« least portions thereof) were stably inherited by 

e?al i, e a n „ dantS ° £ Pllnt CellS - S ~ ^"eens 
« ai, 1980 . Garfinkel et >1( 1Ml; Mstake ^ 

Chilton, 1981. However, there was no reported 

olanT",; ^ ^ f °" i9n 9eneS We " pressed in the 
plant cells. 

Several natural exceptions to the gene-host 
-compatibility harriers have heen discoverelpor 
example, several E^^coli genes can be expressed in 
certain types of yeast cells, and vice-versa. See 
Beggs, 1978; struhl et al, 1979. 

In addition, certain types of bacterial 

cells, including Agrobacter^n, + ^ A 

^SSSenss, are capable of infecting various typts of 
tl" Ce rf U h S '. CaUSi ^ ^« diseases such as cro!n gall 
t«or and hairy root disease. These A^rob^cterium 
cells carry plasmids, designated as Ti plasmids and Ri 

Plant cells, certain of these genes code for enzymes 
which create substances called "opines," such as 

bTl ln bact° Paline ' Md agr0Plne ' ° PinCS 

ite ;^ c \ u : a v ources « — 

0 ni„ g " Petlt and Ten, P e ' ^978. The 

opxne genes are believed to be inactive while in the 
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Protected from degradation by coup^n^! * 

Polypeptide to a bacterid , UpUn? """Mlian 

exists in the host ceu ^ WePtide 

protein,- see eg C " ates * 

example, in ^ " 4n ° to " 

r~ ^nucleases i n the ^Tce i " T"" 

^-Pi^a e Le ^""en" 1 — « (a, 

methylated. £ . " C8 " S WhlCh " use «» *e»e to be 
see, e.g., Maniatis et al, 1981. 

*enes. For example ^cTT im ° lv * 

for a ma^aliaT^olypept^ \ VhiCh 

interferon. or grovS " iDSUUn ' 

9^owtn hormone, may he m,^^ ^ 

regulatory sequences from a bacterid T 

1 1,111 express the mammalian 
polypeptide, see a „ <"™"«-iian 
... e.g., Guarente et al i«n 

Alternately, structural sequences fid 
bacterial genes hav. h- qUences fron several 

sequences l^r^ZT^ * 
mammalian cell, ^11 r ? *" =apable of infecting 
inserted into ^^ST**™* ~~ ™" 
expressed the bacter^ polype" T 

southern and B erg, 19 82; coS^oLn S ' 9 " 

wuere-Garapm et al, 1982. 
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In general, an endonuclease is an enzyme 
which is capable of breaking ONA into segments of DNA 

DNA somewhere in the middle of the strand, and 
breaking it. By comparison, an exonuclease removes 
nucleotides from the end of a strand of DNA. All of 

breaking double-stranded DNA into segments. This mav 
retire the breakage of two types of bonds: U) 
eovalent bonds between phosphate groups and 

c-rl b :r h "! idUeS ' "* (2) h *»,.n bonds <a-t and 
C G, which hold the two strands of DNA to each other. 

referr.H / "" Striction exonuclease" (hereafter 

DNA at ! It" ^ a segment of 

DNA at a precise sequence of bases. For example 


EcoRI : - yvr . 

AJ5G ^. AATTCXX 

YYCTTAA GYY 



Haelll: 5»- ggLc 


CC3G 


XXGG 
YYCC 


CCXX 
GGYY 


In the examples cited above, the EcoRI 
eavag^created a "cohesive., end with a 5 . o". h »g 

<"> 3 end), cohesive ends can be useful in 
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pro»oting desired ligations. For example, an Ec oRI 

"si™ :r y to — 1 to — ■ - «- 

Over 100 different endonucleases are known 
«ch of which is capable of cleaving DNA at spectf^' 
sequences, see. e.g., Roberts. 1982 . res «"*" 
endonucxeases are sensitive to the seance oT as eT 

IT ° n ' SOB,e end °<"^«« «e sensitive to 
whether certain bases have been methylated. For 

ITTlll' r d0nUele ""' »«I «d Sau3a are capable 
of cleavmg the following sequence of bases as shown 

x 5 '- J0t ♦ GATCXX 



WCTAG yy 


Mbol cannot cleave this sequence if the 

=leave ne th" SldUe " <~*>- S «*» «* 

ll ZLT regardless of whether either A 

^etr te^c/ 0 — ^ *" Ration <»V 

by "pllcauna VT °' * M? 

\! , 9 plasmids ^ cells with desired 

-thylation capabilities. An E^oli enzyne 
^ne nethylase <d»,. aethyla^eTlhe A^esidl 
that occur m gaic sequences, strains of E coli which 
«uT "eT 0 h ^ *" ^ « -s^afeTafdl iCh 
or *a» ceu s WhlCh *" as dan. 

different llZ"' end ° nUele " es »" **own which cleave 
wufh are fun COhesiv « — 

^oLr el y r Patme Vith C ° heSiVe « nds =""ed 
iffe«nt " lM " «" 
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Table 1 


Endonucleasg 
Mbol 

Inhibited by me-A 

Sau3a 
Unaffected by me-A 

Bgin 
Unaffected by me-A 

Bell 

Inhibited by me-A 


Secusnce 



same as Mbol 




BamHI 
Unaffected by me-A 


A cohesive end created by any of the 
enconucleases listed in Table 1 will ligate 
preferentially to a cohesive end created by any of the 
other endonucleases. However, a ligation of, for 
example, a Bglli end with a Bam*! end will create the 
following sequence: 

AGATCC 
TCTAGG 

JE' w eqUenCe Caim0t ^ Cl6aVed by either Bgl II or 
BamHI; however, it can be cleaved by Mbol (unless 
methylated) or by Sau3a. 


_ OMPI N 
?V>, WIPO 
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Another endonuclease which involves the GATC 
sequence is Pvul, which creates a 3« overhang, as 
follows : 

CGAJCG 

gcSagc 

Another endonuclease, Clal, cleaves the 
following sequence: 

X 1 ATgGATX 2 

y tag3tay 

" X is G, or if x 2 is C, then the sequence nay be 
cleaved by Mbol (unless methylated, in which case clal 
also inhibited) or Sau3a. 

Viral Promnfore 

nr * u, * VirUS " 4 microoraaI >«n comprising single 

-itnL Stranded nUCleiC < D » A « »»> ='n tai L 

"c»sL" Pr "" n <and P ° 8Slbly liPid> She11 called * 
capsxd" or "coat", a virus is smaller than a cell. 

and it does not contain most of the components and 
substances necessary to conduct most biochemical 
Processes mstead. , virus ia£ ^ ^ ^ 

the cellular processes to reproduce itself. 

how . dma !"y oUowin 9 » » »i»Plified description of 

will be disregarded in this introduction for the sake 
of clarxty. rirst. a virus attached to or enters a 

virus TT 1 ^ Caned 3 " h °"" Cel1 - The D1 * «W the 
virus (and possible the entire viral particle, enters 
^e host cell where it usually operates as a piasn . d 

£111 1 f "^-chromosomal DMA,. The viral DNA is 
TZ 1M0 messe »9er RNA. which is translated 

into one or more polypeptides. Some of these 
Polypeptides are assembled into new capsids. while 
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others act as enzymes to catalyze various biochemical 
reactions. The vii-»i r.»» • , *«<.n«nicai 
ns. The viral DMA is also replicated and 

assembled with the capsid polypeptides to form new 
viral particles. These viral particles may be 
released gradually by the host cell, or they may cause 
the host cell to lyse and release them. ?Z released 
-ral particles subsequently infect new host eel" 
For more background information on viruses see e a 
Stryer. 1981 and Matthews, 1970. 

As used herein, the term "virus- includes 
Phages and viroids. as well as replicative 
intermediates. As used herein, the phrases -viral 
nucleic acid- and "DNA or RNA derived from a virus- are 
construed broadly to include any DNA or RNA th.TL 
obtained or derived from the nucleic acid of a virus 
For example, a DNA strand created by using a vi^A 

a 3 ^ cempiate ' or by chemieai 

=re«e a known sequence of bases determined by 
analyzing viral DNA. would be regarded as viral 
nucleic acid. 

The host range of any virus (i e th* 
-riety of cells that a type of virus " apabt of 
infecting, is li»i t . d . Sone ^ are p £« °' 

efficient infection of only certain types of bacteria • 

limted to certain genera; some viruses can infect 
only mammalian cells. Viral infection of ° Tell 

P«t cuiar t™ "I " n r " dily d " er - ine any 
h6rein ' toe tera "P^t virus" is used to 
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desx^ate a virus which is capable of infecting one or 
more types of plant ceUa , regartUe8s of " 
can infect other types of «ll t . 

5 ,wM„h " lth pos,ible «ception of viroids 

pa^L, PO ° tly " nd * r »«"< " P'«e»t, , everTviral 

"egress 8 .:"" " 0ne — ^ch^an b9 

expressed" m infected host e«n« *». 
a gene requires that expression of 

tr^.^^ segment of DNA or RNA must be 

« utilized inT 0 ^" fr ° B VirSl 9SneS have 

utilized m a variety of genetic engineering 

applications. For ... . 

constructed usin! * eluaerlc have been 

„„, usln » v «ious structural sequences 

called coding sequences, taXen from bac^riaT cl 
coupled to promoters talc.n "acterial genes, 

20 infect mammalian cells ^ VlrU " S 

— viruses are d "°" e °— * °" d 
< r > and He^es Z^^^T^ « 

M Berg 1982 ^"Idd^ ^ " 41 19?9; Southe ™ — 
promoted ta xen1 n ' ^""^ 9eMS USin * 

cells s .e ^ ^'J"? »" t0 Serial 
ao bussed ^a'niatt^ \tr PLPr0 " Ot " 

-* be potLu nSTpS " 

for transforming plant cells , VlrU " S *" Ve "° rS 
in general . ' ' *' 9 -' Hohn « al - 

for transferrin, - " * DNA D ° l6cule — *1 

35 ^uTl 'HIT T e ° r more 9enes into a 

«- vector ^ f * — and 

Uwn used to mfect the host cell. 
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mioht h SeVCral reSearchers theorized that it 

might be possible to create chi m «^„ 
capable n * k • chimeric genes which are 

capable of being expressed in plant cells hv „ 
promoters derived fro- -i S n, Y USln * 

succeeded in ( , c««iL h ^ "° ^ tad 

SEE o^r,^ 2 ^— - 

such a gene m any type of plant cell. 



The entire DNA sequence of r*™ * 
Published. Gardner et ,1, TZ T ZL T f 
its most ce™ on for- the cl^ 19M - ln 

long. However v!rL. 9en ° M " aboUt 8000 *P 

-ants T StlVe 

srr tr^tr ai 1981 « - 

sediment- ° a Single with a 

^^u^;^- - — f0 r 

1 » counte^cc! ^ 0 ^ 
al, 1982). P 1 (s . ee Guilley et 


25 


30 


Proteins; LTcorrellT * 9ene "" " ^ 
-nes : ^^uT T^TTsV" " 

promoted by the 19s «. A ls 

countercioc^se =TT' ^ *™ " » 
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summary of w nrrrnti 

which are ! hiS J nVe0tion ^"es to chimeric genes 
which are ^able of being expressed in plant .eils 
»d to a method for creatine such genes. 

. • Chineric ' ane conprises a promoter 

ST^T „ """* m98 " nS * r "* "Ending to 
the DNA. one such promoter region comprises a 

bacterid a \ . """" ° £ K 

< ^ u ^ AX1 a. tujnefaria n< » cells 

auiifiower mosaic virus (caMV). other sui tab 1. 
promoter regions may be derivJ r sult «ble 

naturally i n plant «u s " T ^ ^ eXi " 

capable of inL^l^" ^ «** 

ot ^ses wh^tlTforrs"" > ~~ 

which is capable of JLlT'"""' 1 ™ r ' 9l0n ° f 
expression in a plant cell T " 1R "'" ia ' «» 
the mRNA. For example T * StruCturai «*«nce of 
recion may be talT 0 m *' 
virus gene or f™ 9ene ' from a P*ant 

P!ant ITl's 3 ?ene KhlCh —rally in 

structural^ncTr ."V" ""^ * ^ 

^=:: d ir r ------ 

«nsiatea into a desired polvoeDtiH^ 
sequence is heterologous wit^I! structural 

"9ion. and it may code fcrlv ! " " °" 

oae for any desired polypeptide. 
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such as a bacterial or mammalian protein. The 
structural sequence includes a start codon and a stop 
codon. The structural sequence may contain introns 
which are removed from the mRNA prior to translation. 

If desired, the chimeric gene may also 
contain a DNA sequence which codes for a 3» 
non-translated region (including a poly-adenylation 
signal) of mRNA. This region may be derived from a 
gene which is naturally expressed in plant cells, to 
help ensure proper expression of the structural 
sequence. Such genes include the NOS gene, plant 

leUs gCneS ' ^ 9CneS Whi<=h 6XiSt naturallv in Plant 

The method of this invention is described 
below, and is summarized in the flow chart of Figure 

If properly assembled and inserted into a 
Plant genome, a chimeric gene of this invention will 
be expressed in the plant cell to create a desired 
polypeptide, such as a mammalian hormone, or a 
bacterial enzyme which confers antibiotic or herbicide 
resistance upon the plant. 

Brief Description of the Drawing 

The figures herein are schematic 
representations; they have not been drawn to scale. 

?i?ure I represents the structure of a 
typical eukaryotic gene. 

Fi2ure_2 is a flow chart repr e S enting the 
steps of this invention, correlated with an example 
chimeric NOS-NPTII-NOS gene. 
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F1< ^ re 3 "presents fragment Hindi 1 1-23 
obtained by digesting a Ti pl asn id with Hindi u. ' 

Fiaure_4 represents a DNA fragnent which 
contains a NOS promoter region, a NOS 5 » 
non-translated region, and the first few codons of the 
NOS structural sequence. 

Fi2Hre_5 represents the cleavage of a DNA 
sequence at a precise location, to obtain a DNA 
fragment which contains a NOS promoter region and 
complete s> non- translated region. 

Figure 8 represents the creation of an mi 3 
derivative designated „« *, , u- ^ M 1113 

M " 2, wlucn "ntains a NOS 3- 
non-translated region and poly- A signal. 

MOS-nptit Sfr- 2 reP " Sents «*• of the 

=Mme!T c " C 96ne ' ^ tte inse ""n <* the 

s^Ti^! piasmid pmo '' 38 * — 

nos-npti! »ir! " rePre " ntS """ion of the 

»:r::;:,' a rz;;.'™ sr- — - 
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DMON73 1 1 represents creation of piasmid 

PMON73, containing a chimeric NOS-NPTII sequence. 

nMnM , fl ?i?Ure 13 - "Present the creation of piasmid 
PMON78, containing a chimeric NOS-NPTI sequence 

Figure 14 represents the creation of 

;x\trzr pM0N107 - whieh contain 

figure 15 represents the insertion of a 
chimeric NOS-NPTI-NOS gene into pMON120 to obtain 
Plasmids pMON130 and pMON131. 

Figure 16 represents the structure of a DMA 
fragment containing a soybean protein (sbss) promoter. 

D momi 5 . - igUre 11 re P resen ts the creation of piasmid 
PMON121, containing the sbss promoter. 

fi?Ure X - S "Presents the insertion of a 
chimeric sbss-NPTII-NOS gene into pMON120 to create 
plasmids pM0N141 and pMON142. 

DMONiOA fi?Ure 19 represent * the creation of piasmid 
PMON108, containing a bovine growth hormone structural 
sequence and a NOS 3 • region. 

N25-BCH JL i9 T rePreSCntS «"tio» of piasmid 
N25 BGH, which contains the BGH-NOS sequence 
surrounded by selected cleavage sites. 

F igure 2 1 represents the insertion of a 
chimeric sbss-BGH-NOS gene into p MO N120 to obtain 
Plasmids pMON147 and pMON148. 
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Fiqure 22 represents the creation of Dlasmirf 
PM0N149 , which contains a chimeric NOS-BCH-MOs gene 

^ £iaa£S-23 repres.nts the creation of plasaid 
= which contains a structural seguence for EPSP 


DH0H2S K Fi r r8 24 rePreSents 016 ««»tion of plasnid 
PMON25, which contains an EPSP synthase structural 
seouence with severe! cleavage sites near the start 

PM0N146 JST 2 ' reP " SentS «* of plasaid 

l™ sl»Z T 4lnS 3 =hiBeriC S6gUen « comprising 
epsp synthase and a NOS 3 ' region. 

Fignre 26 - "presents the insertion of a 
chimeric NOS-EPSP-nn<; „„_ » 

Plasmid PMOM153 ' ^ t0 ° bt * in 

PMON154 ii !T 7 rePreSSntS tte c "^ion of plasmid 
PMON154, which contains a chimeric sbss-EPSP-NOS gene. 

Fi ? ure 28 - "presents the creation and 
structure of plasmid p MO N93 which ™! 
promoter. P™«93, which contains a CaMV 19S 

Figure 2 1 represents the creation and 
structure of plasmid pMOKiss, which contains a 
chimeric CaMV( 19S)-NPT-N0S gene. 

str^t- ^2Hre_30 represents the creation and 

structure of plasmid pMONllo which ,.„„«. • 

NPT gene. contains a partial 


WO 84/02913 


PCT/US84/00048 


-23- 


Fiqure 31 represents the creation and 
structure of plasmid pMON132, which contains a partial 
NPT-NOS gene. 

Figure 32 represents the creation and 
structure of plasmid pMON155, which contains a 
chimeric CaMV(l9S )-NPT-NOS gene. 

Figure 33 represents the creation and 
structure of plasmid pDMONSl, which contains a CaMV 
32S promoter. 

Figure 34 represents the creation and 
structure of plasmid pMON125, which contains a CaMV 
32S promoter. 


Figure 3 5 represents the creation and 
structure of plasmid pMON172, which contains a CaMV 
15 32S promoter. 

Figure 36 represents the creation and 
structure of phage M12, which contains a CaMV 32S 
promoter. 


10 


20 


25 


Figure 37 represents the creation and 
structure of plasmids pMON183 and pMON184, which 
contain chimeric CaMV(32S)-NPT-NOS genes. 

DETAILED DESCRIPTION 0F THE INVENTTHM 

In one preferred embodiment of this 
invention, a chimeric gene was created which contained 
the following elements: 

1. a promoter region and a 5 ' non- translated 
region derived from a nopaline synthase (NOS) gene; 


( CMPI > 


Veto W 1U 
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2- a structural sequence derived from . 
neomycin phosphotransferase II ,»m 

and, esterase n (NPTII or NIT n, gene . 

Poly-.denvlaJ n ° n - transl " e<i including a 

Poly .deflation sional. derived from a NOS ,.„ e . 

variety o/pLT":: 8 """"^ ^ * 
resistant , ' theB t0 bec °»« 

^1 -"-^-i* "Miotics such as 

Sen. is s2lZT ia Zt « aS5eable 0118 
described in"et!il LT °< Fi9U " 2 ' » d 

assist the W " " ^ «*»P1«- TO 

-thod.^J^" 111 »f «««"ng the steps of this 

£££ l\2tl" iety of other PUsBids «* 

shown in Figure 7h«. oee'n" ^ "« PS 
« -t seq. These calT t CaU ° Ut nuolb « s 

followxnq desc ^ \Ti" S J" CltSd ^ «" 
co ^, iipT:ion - The techniques and DNA 

sequences of this i ntffl „^ 

0£ ^ tumefaciens or A. rhi 2ao . 

a -paline'syn^r^/""^ <° «* 

«» «n»ressio^" I he eroT"" " 9i ° n *° C ° ntr01 

tne heterologous gene. The NOS is 
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normally carried in certain types of Ti plasmids, such 
as pTiT37. Sciaky et al, 1978. The NOS promoter is 
normally inactive while in an A. tumefacisng cell. 
The entire NOS gene, including the promoter and the 
protein coding sequence, is within the T-DNA portion 
of a Ti plasmid that is inserted into the chromosomes 
of plant cells when a plant becomes infected and forms 
a crown gall tumor. Once inside the plant cell, the 
NOS promoter region directs RNA polymerase within a 
Plant cell to transcribe the NOS protein coding 
sequence into mRNA, which is subsequently translated 
into the NOS enzyme. 

The boundaries between the different parts 
of a promoter region (shown in Figure 1 as association 
region 2, intervening region 4, transcription 
initiation sequence 6, and intervening region 8), and 
the boundary between the promoter region and the 5' 
non- translated region, are not fully understood. The 
Applicants decided to utilize the entire promoter 
region and 5' non-translated region from the NOS gene 
which is known to be expressed in plant cells 
However, it is entirely possible that one or more of 
these sequences might be modified in various ways 
such as alteration in length or replacement by other 
sequences. Such modifications in promoter regions and 
5 non-translated regions have been studied in 
bacterial cells (see, e.g., Roberts et al 1979) and 
mammalian cells (see, e.g., McKnight, 1982). By 
utilizing the methodology taught by this invention, it 
is now possible to study the effects of modifications 
to promoter regions and s* non- trans la ted regions on 
the expression of genes in plant cells. it may be 
possible to increase the expression of a gene in a 
Plant cell by means of such modifications. Such 
modifications, if performed upon chimeric genes of 
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invention, are within the acope of ^ 

invention. 

i . / nopaline -type tumor-inducing piasmid 

designated as pT iT37. was isolated from a strata 'of 

Hin„rf ! 8 "*«••*•<» «ith the endonucle.se 

fragments were separated by si2e on a «T Jrf 
the fragments was / 9 **" one of 

Thi. t isolated and removed from the oel 

a». fragment was designated as the Hindm-M 

UrgeTr beeaU " " WM the „" 

largest fragment from the Ti plasmid; it i, 

referr X eTr ly ^ P "" <"» in »«• — 

otter M J. 'I kll0b " e, <kb '- Fr0 » * 
otners (see. e.g., Hernalsteens et al isaoi J 

S. « r Hiadni - 23 ~-'ne 'th. " 

not"^ at 9 eTre:i:r din ' ^ Pr ° BOter * 5 ' 

start codon "d Tstp c^oTtd" 1 ^ * 

region. The Hindin-J TrT^L T ^"-translated 
«uii 23 fragment ls shown in Figure 3. 

experiments^ Tt.7°l l"""* «* 

fragment "uld be , aed ttat Hi »«"-» 

Saul!, to yTeld I f " y an0ti, « ^ase. 
whs./ fragment, about 350 bp in size 

which contains the enti~ ' 

non-translated rel """"^ region ' toe 5' 

^oasiacea region, and the 

NOS structural sequence. ^ £"7 0f «» 

and the base sequence is rT traimmt was sequenced, 
start codon <AT^ T t \l represe "e<> i» Figure 4. The 
begins « b ' N0S Stru « u «l «*uence 

- : P i a Li a :: bp 

base pairs 300 and 301-1' ! ,^ " b " Keen 

fragment about 300 base pUrs C ^ * 

Promoter region and the entire \ C ° ntainin » * ™ 

we entire 5' non-translated 
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15 


region but with no translated bases. To cleave the 
350 bp fragment at precisely the right location, the 
Applicants obtained an M13 clone designated as S1A, 
and utilized the procedure described below. 

To create the S1A clone, Dr. Michael Bevan 
of Washington University converted the 350 bp Sau3a 
fragment into a single strand of DNA. This was done 
by utilizing a virus vector, designated as the M13 mp2 
phage, which goes through both double-stranded (ds) 
and single-stranded (ss) stages in its life cycle 
(Messing et al, 1981). The ds 350 bp fragment was 
inserted into the double-stranded replicative form DNA 
of the M13 m P 2 . which had been cleaved with BamHI . 
The two fragments were ligated, and used to infect 
E - coli cells - The ds DNA containing the 350 bp 
inserted fragment subsequently replicated, and one 
strand (the viral strand) was encapsulated by the M13 
viral capsid proteins, m one clone, designated the 
S1A, the orientation of the 350 bp fragment was such 
that the anti-sense strand (containing the same 
sequence as the mRNA) of the NOS gene was carried in 
the viral strand. Viral particles released from 
infected cells were isolated, and provided to the 
•5 Applicants . 

Single stranded S1A DNA, containing the 
anti-sense 350 bp fragment with the NOS promoter 
region, was isolated from the viral particles and 
sequenced, a 14-mer oligonucleotide primer was 
synthesized, using published procedures (Beaucage and 
Carruthers, 1981, as modified by Adams et al, 1982). 
This 14-mer was designed to be complementary to bases 
287 through 300 of the 350 bp fragment, as shown on 
Figure 4. 
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The 5- end of the synthetic primer was 
radioactively labelled with 3 V this L T! 
in t-h* « ls "Presented 

xn the figures by an asterisk. 

of ■ C ? Pi6S ° f ^ Pri ° er Were oi «* with copies 

1 th6 ^-tranded S1A DNA containing the 

~^ 63 to <»**ired region of the S1A DNA a. 
shown at the top of Figure 5. A£ter this ocLr < 

T C 1 c y " nUCle ° Side **P*»«P1»U. (dNTP's), A 
C ' 40,1 *°<Jed. Klenow polymerase add.* 

shown » Fagure 5 , was . circular It. as 

«- -ated oppose base ,300^ s^tT^T" 

The partially double-stranded DNA was «,.„ 

Rested by a third endonuclease Haem 1 ! 
cl eaVA Krt ^ K . , se ' aaein, which can 

Ha";: :::;r:i;:r:r^r:;;;;r dna - 

locations outside the 350 bp iZert but „ """^ 
inside the 350 bp insert. This created aT ""^ 
having one blunt end. and one 3 ^"1 ST 
started at base ,30! of the Sau3a insert. 

T4 nuA , ThS H " m fra *» e " mixture was treated with 
T4 DNA polymerase and unlabelled dNTP's Thi.T I 
th* C i„- 1a _ ur,Ar s • This caused 

the single stranded portion of the DNA wM.k 
from base #301 of the Sau3 a ln * extended 

Haein cleavage to L ^ * ^ Cl ° SeSt 

in this manner, the ATG sta TT ^ 

the ATG start codon was removed from 
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base pair #300, leaving a blunt end double-stranded 
fragment which was approximately 550 bp long. 

The mixture was then digested by a fourth 
endonuclease EcoRI, which cleaved the 550 bp fragment 
at a single site outside the NOS promoter region The 
fragments were then separated by size on a gel, and 
the radioactively-labelled fragment was isolated 
This fragment contained the entire NOS promoter region 
and 5' non-translated region, it had one blunt end 
with a sequence of 
5 ' - . . . CTGCA 
• - • GACGT 

and one cohesive end (at the EcoRI site) with a 
sequence of 

5 1 AATTC- 
G- 

The shorter strand was about 308 bp long. 

The foregoing steps are represented in 
Figure 2 as steps 42, 44, and 46. 

This fragment was inserted into pMON40 
(which is described below) to obtain pMON58, as shown 
on Figure 7. 


A bacterial transposon, designated as Tn5 
« too™ to contain a complete HPT II gene, including 
the promoter region, structural sequence, and 3- 
non-translated region. The NPT II enzyme inactivates 
certain aminoglycoside antibiotics, such as kanamycin. 
neomycin, and =418; see Jimenez and Davies, 1980 
This gene is contained within a l.e » fragment, which 
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T tl 0bt * ine<1 by di ««"i„ g phage la^da 0MA 

(D. Berg et al iQ7*\ «^ *u ^ WA 

law,. , fra9ment was ^serted into a common 
laboratory plasmid, pBR327 uhich had . 

and BamHI . ^t^LT^T^ * 

"r^:: : ia t d was desi9nated - 


' carried thl^ Tat ' °' ^ DMA wh »* 

the following HZ P rL« * P T° 01 Pl " Bid ' " 
« a unigue Smal^tric' o„ * '"^ PM01,1 ° 01 

o- npt n gene Z?i T " te Whieh was outsi(te «" 

' they inserted a 10-mer 
synthetic oiigonucleotide linker, 

5' CCGGATCCGG 
GGCCTAGOCC 
into the Smal cleavage site Th<. -i'- • 
cleavage site a „H , , eliminated the Smal 

» seconl ^x" ea" g e aC s t" ^ 4 ^ Cl "^ e 

* f rc B the „:hl ^ t : ir i d r r" ed ' *™ 

the plasmid with BamHi Applicants digested 

from the 4 2 L f r !T ' "'"^ 5 °° bp 
fr.™ ! '««~nt, and circularized the 4 2 kh 

fragment. The resulting piasmids were inserted into 
fc-SSU. hich were then selected for resistance t 
a»Pi=illin and kanamvcin. A clonal colon" " 

ue signated as dMOmad 

pnuw40 ' as shown m Figure 6. 

Insertion ©f nos «T-«m„*. 

The Applicants deleted the npt rr « 
from pMON40, and recla^H the NPT promoter 

replaced it with the NOS promoter 
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fragment described previously, by the following 
method, shown on Figure 7. 

Previous cleavage and sequencing experiments 
(Rao and Rogers, 1979; Auerswald et al, 1980) 
indicated that a Bglll cleavage site existed in the 
NPT II gene between the promoter region and the 
structural sequence. Plasmid pMON40 was digested 
with Bglii. The cohesive ends were then filled in by 
mixing the cleaved plasmid with Klenow polymerase and 
the four dNTP's, to obtain the following blunt ends: 
5' - AGATC CATCT- 

- TCTAG CTAGA-5' 

The polymerase and dNTP's were removed, and the 
cleaved plasmid was then digested with EcoRI. The 
smaller fragment which contained the NPT II promoter 

ZIT 7 7 0ved - leaving a Ur9e fra '- ent wi *> «• 

EcoRI end and one blunt end. This large fragment was 
mixed w lth the 308 bp fragment which contained the NOS 
promoter, described previously and shown on Figure 5 
The fragments were ligated, and inserted into E. coli 
E i _coli clones were selected for ampicillin 

7iTr°"\ RaPUcement o£ ^e NPT II promoter region 
a bacterial promoter) with the NOS promoter region 
(which „ believed to be active only in plant cells) 
caused the NPT II structural sequence to become 
inactive in E. coli. Plasmids from 36 
kanamycin-sensitive clones were obtained; the plasmid 

30 si ^ de ««»"ed as pMONSS. was utilized in 

subsequent work. 

The foregoing steps are represented in 
Figure 2 as steps 52 and 54. 

1-3 Kb Eco^lT 58 ^ digCSted t0 ° btain 3 

*° EcoRl-BamHi fragment which contains the NOS 
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As mentioned above in "Ba^ir^,- > . 

functions of 3. non «.„ , Back ^und Art", the 

oene taC^T *"* APPUCantS « 

not oe express,: !:' e ^^-"r 1 "^ " 9i0n «** 
IS same gene havina a tlVely 10 • Plant ceil as the 

*«».. such a S " OS 'T**" 1 ''" fr °° a 

Plants, before " * ** 

NOS 3. non-trlnsl,; f APPUcantS d « ia «< to add a 

addition lo Z ^uT" " ^ ehia " iC «~' in 
20 already present L 3 ~«-*«»»l«t* region 

other existing 3" ' '° ** l9t ° the NPT II or 

it with a d. s L d 3? a - tranSl " ed » d "Place 

*»wn to be eL reaa / 0n " tranSlated "* ion is 

» ^"arent ^ 8 I" f^, Ml ' " ^« a 

3' region from "on-translated region (such as a 

PlasJ or a 3 r e°:r Pi r- tyPe " ^--type Ti 
exists in ! , ' fr ° m 9 9ene <*" normally 
* > - L J a l:i U ' W ° U " be or preLahie 

30 use in any specie \ *"* °' ChimeriC f « 

I smM piant eeu - msy be 

— tatL us- rrj^^rr- 
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non-translated region that naturally follows a 
structural sequence that is to be inserted into a 
plant cell will enhance the efficient expression of 
that structural sequence in that type of plant cell. 
If so, then the steps required to insert a different 
3' non-translated region into the chimeric gene might 
not be required in order to perform the method of this 
invention. 

a nos In " ° btain 4 D " A fra9nent «ntainin 9 

« NOS 3 non-translated region appropriate for joining 
to the NPT II structural sequence from pMONSB 
(described previously), the Applicants utilized a 3.4 

Hindi 1 1-23 fragment from a Ti plasmid. shown on 
Figure 3. This 3.4 Kb fragment was isolated and 
digested with BamHi to obtain a 1.1 to BamHi -Hindlll 
fragment containing a 3' portion of the NOS structural 
sequence (including the step codon). and the 3- 
non-translated region of toe NOS gene (including the 
iLe; a T yUti0n Si9nSl ' • ThlS 1 • 1 f »9»«nt was 

w^ HindlT \T 27 PlaSmid WhlCh had been d ^»'° 
with Hindlll and BamHi. The resuming plasmid was 

designated as pMON42, as shown on Figure 8. 

Rsai a „„ Pmm2 was di9ested with B *°« -a 

3 4 , ' fra9 " ent the desired NOS 

720 bp fragment was digested with another 
endonuclease, Mbol, and treated with the large 

l"TTo I' POly "« ase This resulted 

a \ J a ° r " ith *° I ends ' "ntaining 

a large part of the NOS 3- non-translated region 
including the poly- A signal. 

p im , J** foreaoina Procedure is represented in 
F l9 ure 2 by step se. However, it is recognized tnat 
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it Ta£\ k S ' hiVe UtiU " d; f « —Pi-. 

fr.™I« ^ ° P0 " ible t0 di9Mt toe Hindi! I- 23 

fragment Erectly with t0 obtain toe 

bp fragment with th. nos 3 . non-translated region. 
Assembly of Chim eric c«n. 

MM . , T ° con P lete assembly of the chimeric 
9ene. it was necessary to ligate the 260 bp Mbol 
fragment < which contained th. NOS 3- non-translated 
region, to the 1.3 *b E co R I-BamHI f »^ent "o^Xsa 
C*«h contained th. NOS promoter region and I 
non-translated region and the NPT U structural 

control the orientation of the fragments, the 
Applicants decided to convert the Mbo! ends of th. 260 
bp fragment lnt o a BamHI end (at the S ' end of th! 
fragment, and an EcoRl end ,at the 3- end of L 
fragment,. In order t0 p9rfora ^ ^e 

Applicants used the following method. 

which had b " ^ fr49ment ' «» «f 

which had been converted to blunt ends by Klenow 

v.,.,.. ! 1 15 surrounded by a 

m as s°ho 0ther ClMVS9e SlteS ln »3 mpe 

as shown m Figure 8 Th« m>^t «t 

verted into the blunt Smaxtd^n ST' " 

si , ae . „ ere test ed. using Hinfl cleavage 

«- M.OX ^ent. 

non-translLd * " h ^ ^ ° f N0S 3 ' 
n translated region was located near the EcoRl 

cleavage site in the M13 mp8 DNA This e i ft „ 

designated as the M-2 clone \ "** 

n * cl °ne, as shown in Figure 8. 
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Implicative form (double stranded) DNA from 

the M-2 clone was digested by EcoRI and BamHI and a 

280 bp fragment was isolated. Separately, plasmid 

PMON58 was digested by EcoRI and BamHI, and a 1300 bp" 

fragment was isolated. The two fragments were 

ligated, as shown in Figure 9, to complete the 

assembly of a NOS-NPTII-NOS chimeric gene having EcoRI 
ends . 

There are a variety of ways to control the 
ligation of the two fragments. For example, the two 
EcoRI -BamHI fragments could be joined together with 
DNA ligase and cleaved with EcoRI. After inactivation 
of EcoRI, a vector molecule having EcoRI ends that 
were treated with calf alkaline phosphatase ( CAP ) may 
be added to the mixture. The fragments in the mixture 
may be ligated in a variety of orientations. The 
Plasmid mixture is used to transform E. coli , and 
cells having plasmids with the desired orientation are 
selected or screened, as described below. 

A plasmid, designated as pMON38, was 
created by insertion of the HindIIl-23 fragment (from 
Ti plasmid P TiT37) into the HindHI cleavage site of 
the plasmid pBR327. Plasmid p MO N38 contains a unique 
EcoRI site, and an ampicillin-resistance gene which is 
expressed in E^coli. Plasmid P MON38 was cleaved with 
EcoRI and treated with alkaline phosphatase to prevent 
it from re-ligating to itself. U.S. Patent 4,264,731 
(Shine, 1981). The resulting fragment was mixed with 
the 1300 bp NOS-NPTII fragment from pMO N58, and the 
280 bp NOS fragment from M-2, which had been ligated 
and EcoRl-cleaved as described in the previous 
Paragraph. The fragments were ligated, and inserted 
mto E^cpli. The E . coli cells which had acquired 
mtact plasmids with ampicillin-resistance genes were 
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selected on p lltes containing ampicillin. Several 
clones were selected, and the orientation of the 
inserted chimeric genes was evaluated by means of 
cleavage experiments. Two clones having plasmids 
(Wiring NOS-NPT ii-nos inserts „ ith opposite 
orientations were selected and designated as p«0N75 
and p«o N76 as shown in Figure 9. The chimeric gene 

wiL ECORI T 6ydi9 " ti °9 P«°™ or pH0N76 

with Bcori and purifying a 1580 bp fragment. 

FW. , t0 " g ° iDg Procedure is represented on 

Figure 2 by step 60. 

„, „ 11,18 C0 »Pi«es the discussion of the 

on Z ehiMriC ' ene - Addit " nal Nation 

iHl „ C ° Py ° f th± ' Chi " eriC * ene *• contained 
m plasmid pM o M128; it n a y be reBoved p^^? 

digestion with EcoRi. a culture of e ,-„, 

■«» „ been deposited wi^I A^™"' 

^"o — h " - ^ 

the * mI ■ T ° Pr ° Ve Ut " ity o£ *"» chimeric gene 
the Applicants inserted it into plant cells. The 

«mi structural sequence was expressed in the plant 
cells causing them and their descendants to acquire 


Creation 


invention a ". altemate P"*«red embodiment of this 
invention, a chimeric gene was created comprising (!) 
a »0S promoter region and 5- non-translated region 
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(2) a structural sequence which codes for NPT I, and 

(3) a NOS 3' non-translated region. 

NPT I and NPT II are different and distinct 
enzymes with major differences in their amino acid 
sequences and substrate specificities. See, e g E 
Beck et al, 1982. The relative stabilities and 
activities of these two enzymes in various types of 
Plant cells are not yet fully understood, and NPT I 
may be preferable to NPT II for use in certain types 
of experiments and plant transformations. 

A 1200 bp fragment containing an entire NPT 
I gene was obtained by digesting pACYC177 (Chang and 
Cohen, 1978, with the endonuclease, Avail. The Avail 
termini were converted to blunt ends with Klenow 
polymerase, and converted to BamHI termini using a 
synthetic linker. This fragment was inserted into a 
unique BamHI site in a pBR327-derived plasmid, as 
shown in Figure 11. The resulting plasmid was 
designated as pMON66. 

Plasmid P MON57 (a deletion derivative of 
PBR327, as shown in Figure 11) was digested with 
Avail. The 225 bp fragment of P MON57 was replaced by 

Tr^l l0g0US bP AVaI1 fragfflent ta * en f ™> Plasmid 

(Vleira and Messing, 1982), to obtain a 
derivative of p MO N57 with no PstI ' cleavage sites 
This plasmid was designated as pMON67. 

Plasmid pMONSS (described previously and 
shown in Figure 7) was digested with EcoRl and BamHI 

andln 3 1300 bP fra9ment Carryin * "OS promoter 
and the HPT n structural ^ ^ ' 

inserted into p M ON67 which had been digested with 
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EcoRl and BamHI. The resulting plasmid was designated 
as pMON73, as shown in Figure 12. 

PM0N73 was digested with PstI and BamHI , and 
a 2.4 kb fragment was isolated containing a NOS 

llZlV r , r gi ° n 5 ' non - transi ^^ region. Plasmid 
PMON66 (shown on Figure 11, was digested with Xhol and 
BamHI to yield a 950 bp fragment containing the 
structural sequence of MPT I . This fragment lacked 
about 30 nucleotides at the 5- end of the structural 
sequence, a synthetic linker containing the missing 
bases, having appropriate PstI and Xhol ends, was 
created. The pMO N73 fragment, the pM0N66 fragment 
and the synthetic linker were ligated together to ' 
obtain plasmid pMON78„ as shown in Figure 13 This 
Plasmid contains the NOS promoter region and 5« 
non-translated region joined to the NPT I structural 
sequence. The ATG start codon was in the same 
position that the ATG start codon of the NOS 
structural sequence had occupied. 

Plasmid pMON78 was digested with EcoRI 
and BamHI to yield a 1300 bp fragment carrying the 
chameric NOS-NPT I regions. Double-stranded DNA from 
the M-2 clone (described previously and shown on 

rr bD 9, ; as digested with ec ° ri - *«. * y iei d 

280 bp fragment carrying a NOS 3' non- trans la ted 
region with a poly-adenylation signal. The two 
fragments described above were ligated together to 
create the NOS-NPT I-NOS chimeric gene, which was 

haHr ' nt0 PlaSmid PMON38 < desc ">*d a>ove) which 
had been digested with EcoR! . The two resulting 

Plasmids, having chimeric gene inserts with opposite 
orientations, were designated as P MON106 and p M ON107, 
as shown m Figure 14. 
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Either of plasmids pMON106 or pMON107 may be 
digested with EcoRI to yield a 1.6 to fragment 
containing the chimeric NOS-NPT I-NOS gene. This 
fragment was inserted into plasmid pMON120 which had 
been digested with EcoRI and treated with alkaline 
phosphatase. The resulting plasmids, having inserts 
with opposite orientations, were designated as pMON130 
and pMON131, as shown on Figure 15. 

The NOS-NPT I-NOS chimeric gene was inserted 
into plant cells, which acquired resistance to 
kanamycin. This demonstrates expression of the 
chimeric gene in plant cells. 

Creation of Chimeric Gene with Soybean Promoter 

In an alternate preferred embodiment of this 
invention, a chimeric gene was created comprising (1) 
a promoter region and 5 • non- trans la ted region taken 
from a gene which naturally exists in soybean; this 
gene codes for the small subunit of 
ribulose-l,5-bis-phosphate carboxylase (sbss, for 
soybean small subunit); (2) a structural sequence 
which codes for NPT II, and (3) a NOS 3' 
25 non-translated region. 

The sbss gene codes for a protein in soybean 
leaves which is involved in photosynthetic carbon 
fixation. The sbss protein is the most abundant 
protein in soybean leaves (accounting for about 10% of 
the total leaf protein), so it is likely that the sbss 
promoter region causes prolific transcription. 
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There are believed to be approximately six 
genes encoding the sbss protein in the soybean 
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genome. one of the members of the sbss gene 
family, srsi, which is highly transcribed in soybean 
leaves, has been cloned and characterized. The 
promoter region, S' nontranslated region, and a 
portion of the structural sequence are contained on a 
2.1 kb EcoRl fragment that was subcloned into the 
EcoRI site of plasmid pBR32S (Bolivar, 1978). The 
resultant plasmid, p S RS2.1, was a gift to Monsanto 
company from Dr. R. B. Meagher, University of Georgia 
Athens, GA. Th e 2.1 kb EcoRI fragment from p S RS2.1 is 
shown on Figure 16. 

Plasmid PSRS2.1 was prepared from dam- 
jL-£2ii cells, and cleaved with Mbol to obtain an 800 
bp fragment. This fragment was inserted into plasmid 
(Rao 411(3 ^gers, 1979) which had been cleaved 

TmZT U ' rCSUltin * * las » id ^s designated as 

PMON121, as shown on Figure 17. 

p., , , ?laSnid PM0 " 121 di 9« s "1 »ith EcoRI and 
Bel I, and a 1200 bp fragment containing the sbss 

oZ^/ 69 "" iS ° lated - Se P«"^y- Plasmid 
PMON75 (described previously and shown on Figure 9) 
was digested with EcoRI and Bgln. and a 1250 bp 
fragment was isolated, containing a NPT II structural 
sequence and a NOS 3- non-translated region. The two 
fragments were ligated at the compatible Bcll/Bgin 
overhangs, to create a 2450 bp fragment containing 
sbss-NPT II-KOS chimeric gene. This fragment was 
inserted into pMOK120 which had been cleaved with 
EcoRI. to create two plasmids having chimeric gene 
inserts with opposite orientations, as shown in Figure 

n«n„,If PlaSBidS were °«i*»ted as pM0 N 141 and 

PMON142 . 
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The sbss-NPTII-NOS chimeric genes were 
inserted into several types of plant cells, causing 
the plant cells to acquire resistance to kanamycin. 

This successful transformation proved that a 
promoter region from one type of plant can cause the 
expression of a gene within plant cells from an 
entirely different genus, family, and order of plants. 

The chimeric sbss-NPT zz-MOs gene also had 
another significant feature. Sequencing experiments 
indicated that the 800 bp MboZ fragment contained the 
ATG start codon of the sbss structural sequence 
Rather than remove this start codon, the Applicants 
decided to insert a stop codon behind it in the same 
reading frame. This created a dicistronic raRNA 
sequence, which coded for a truncated amino portion of 
the sbss polypeptide and a complete NPT II 
polypeptide. Expression of the NPT II polypeptide was 
the first proof that a dicistronic mRNA can be 
translated within plant cells. 

The sbss promoter is contained in plasmid 
PMON154, described below, a culture of e . coli 
containing this plasmid has been deposited with the 
American Type Culture Collection. This culture has been 
assigned accession number 39265. 

Creation of BGH chimeric Gen^ 


35 


In an alternate preferred embodiment of this 
invention, a chimeric gene was created comprising (l) 
a sbss promoter region and s* non- translated region, 
(2) a structural sequence which codes for bovine 
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growth hormone (BGH) and (3) a NOS 3' non-translated 
region. This chimeric gene was created as follows. 

A structural sequence which codes for the 
polypeptide, bovine growth hormone, (see. e.g 
woychik et al, 1982) was inserted into a 
PBR322-derived plasmid. The resulting plasmid was 
designated as plasmid CP-1. Thi, plasmid was digested 
with EcoRI and Hindu: to yield a S70 hp fragment 
containing the structural sequence . Double stranded 
M-2 » DNA (described previously and shown in Figure 
8) was cleaved with EcoRI and HindHI to yield a 290 
bp fragment which contained the NOS 3 • non-translated 
region with a poly-adenylation signal. The two 
fragments were licated together and digested with 

ends, which contained a BGH-coding structural sequence 
:omed to the NOS 3' non-translated region. This 
beeTIi! M : S / ntr ° dUCed int ° PI— " PMON38. which had 

ZJT Wltt EO0RI ~* " ith •»"»»• 

pMON 108, as shown in Figure 19. 

A unique Bglli restriction site was 
introduced at the 5' end of the BGH structural 

create blunt ends on the resulting EcoRI fragment. 
This fragment was ligated into plasmid N2S (a 
derivative of pB R327 containing a synthetic linker 

Bama: site,, which had been cleaved with Xbal and 
£THr th Kl6n0W P ° lyne "" *° *t^n blunt ends 

from £TT? * Uni ^ 89111 " tS l0 " te<1 12 
from the Xbal site,. The resulting plasmid, which 

contained the 860bp bgh-KOS fragment in the 
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orientation shown in Figure 20, was designated as 
plasmid N25-BGH. This plasmid contains a unique Bgln 
cleavage site located about 25 bases from the 5' end 
of the BGH structural sequence. 

Plasmid N25-BGH prepared from dam- e. coli 
cells was digested with Bglll and Clal to yield an 860 
bp fragment which contained the BGH structural 
sequence joined to the NOS 3- non-translated region. 
Separately, plasmid pMON121 (described previously and 
shown in Figure 17) was prepared from dam- E. coli 
cells and was digested with Clal and Bell to create an 
1100 bp fragment which contained the sbss promoter 
region. The fragments were ligated at their 
compatible Bcll/Bglll overhangs, and digested with 
Clal to yield a Clal fragment of about 2 kb containing 
the chimeric sbss-BGH-NOS gene. This fragment was 
inserted into P MON120 (described previously and shown 
m Figure 10) which had been digested with Clal. The 
resulting plasmids, containing the inserted chimeric 
gene in opposite orientations were designated pMON147 
and pMON148, as shown in Figure 21. 

An alternate chimeric BGH gene was created 
25 which contained ( l ) a NOS promoter region and 5 • 

non-translated region, (2) a structural sequence which 
codes for BGH, and (3) a NOS 3- non- translated region, 
by the following method, shown in Figure 22. 

Plasmid pMON76 (described above and shown in 
Figure 9) was digested with EcoRI and Bglll to obtain 
a 308 bp fragment containing a NOS promoter region and 
5' non-translated region. Plasmid N25-BGH prepared 
from dam- E. coli cells (described above and shown in 
Figure 20) was digested with Bglll and Clal to obtain 
a 900 bp fragment containing a BGH structural sequence 
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and a NOS 3- non-translated region. These two 

mos-bgh-nos gene in a fragment with EeoRl and Clal 
ends. Th ls fragment was ligated with an 8 to fr ao ».n f 
obtained b y digesting p«OH120 with E=o RI and el" 


10 


15 


20 


25 


30 



In an alternate preferred embodiment a 
chimeric gene was created comprising (1) a NOS ' 
promoter region and 5' non- trans la ted region, ( 2 ) a 
structural sequence which codes for the E. coU 
enzyme, 5-enol pyruvyl shikimate-3 -phosphoric acid 
synthase (EPSP synthase) and (3) a NOS 3. 
non- trans la ted region. 

EPSP synthase is believed to be the taroet 

marketed by Monsanto Company under the registered 
trademark, "RounduD " n™», <. ^ erea 

EPSP m +L G1 yPhosate is known to inhibit 

EPSP synthase activity (Amrnein et al , 19Q 

amplification of the epsp 

taovn to increaseT^ " is 

Therefor. resistance to glyphosate. 

«t"itv i ln " MSln9 ^ l6Vel ° f EPSP s ^as e 

tl T^tllT? may con£er resistance to 

Zlt , t S Pr ° VideS f0r 4 use£ «l »«thod of weed 

ssl r:: :L a ea d :ii e sV rop plant whieh - - r 

field at concentrations which will mi all 

non-transformed plants i„„i„, , K ! 1 

Plants unharmed. * ^/^^ans formed 


WO 84/02913 


PCT/US84/00048 


-45- 


10 


15 


20 


25 


30 


35 


An EPSP synthase gene may be isolated by a 
variety of means, including the following. A lambda 
phage library may be created which carries a variety 
of DNA fragments produced by Hindi I I cleavage of 
E - coli DN *. See, e.g., Maniatis et al, 1982. 

The EPSP synthase gene is one of the genes 
which are involved in the production of aromatic amino 
acids. These genes are designated as the "aro" genes; 
EPSP synthase is designated as aroA. Cells which do 
not contain functional aro genes are designated as 
aro- cells. Aro- cells must normally be grown on 
media supplemented by aromatic amino acids. See 
Pittard and Wallis, 1966. 

Different lambda phages which carry various 
Hindi I I fragments may be used to infect mutant E. coli 
cells which do not have EPSP synthase genes. The 
infected aro- cells may be cultured on media which 
does not contain the aromatic amino acids, and 
transformed aro+ clones which are capable of growing 
on such media may be selected. Such clones are likely 
to contain the EPSP synthase gene. Phage particles 
may be isolated from such clones, and DNA may be 
isolated from these phages. The phage DNA may be 
cleaved with one or more restriction endonucleases, 
and by a gradual process of analysis, a fragment which 
contains the EPSP synthase gene may be isolated. 

Using a procedure similar to the method 
summarized above, the Applicants isolated an 11 kb 
Hindi I I fragment which contained the entire e. coli 
EPSP synthase gene. This fragment was digested with 
Bglll to produce a 3.5 kb Hindi I I -Bgl I I fragment which 
contaxned the entire EPSP synthase gene. This 3.5 kb 
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fragment was inserted into plasmid pKC7 (Rao and 
Rogers, 1979) to produce plasaid pM0N4, whch is shown 
in Figure 23. 


Plasmid pM0N4 was digested with Clal to 
yield a 2.5 kb fragment which contained the EPSP 
synthase structural sequence. This fragment was 
inserted into p B R327 that had been digested with Clal 
to create pMONS, as shown in Figure 23. 

PM0N8 was digested with BamHI and Ndel to 
ohtaxn a 4.9 *b fragnent . Tnis fragBent 

Lsp n s u i e r ides encoding tenni - s of «- 

EPSP synthase structural sequence. 

The missing nucleotides were replaced by 
ligatmg a Hinfl/Ndel fragment, obtained from pMONS as 
shown « Figure 24, together with a synthetic 
oligonucleotide sequence containing (1, the EPSP 
synthase start codon and the first three nucleotides, 

ana" IT"* ^ "* < 3> ^ BamHI 

V 6ndS - -suiting plasmid, p MO N25, 

contains an intact EPSP synthase structural sequence 

sllZTol^ ^ *"< ne'r the 

Double stranded M-2 DNA (described 
Hindi 1 1 M d EcoRI to yield . 29fl bp 
centals the NOS 3- non-translated region and 

poly-adenylation signal. This fragment was introduced 
«to a pMOM25 pUsaid ^ 

str!ctur lT Pi9U " " ' WhiCh C0nt4ins «» ™» 
structural sequence joined to the NOS 3 • 

non-translated region. 
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PMON146 was cleaved with Clal and Bglll to 
yield a 2.3 to fragment carrying the EPSP structural 
sequence joined to the NOS 3' non- translated region. 
PMON76 (described previously and shown in Figure 9) 
was digested with Bglll and EcoRI to create a 310 bp 
fragment containing the NOS promoter region and 5» 
non- translated region. The above fragments were mixed 
with pMON120 (described previously and shown in Figure 
10) that had been digested with Clal and EcoRI, and 
the mixture was ligated. The resulting plasmid, 
designated pMON153, is shown in Figure 26. This 
plasmid contains the chimeric NOS-EPSP-NOS gene. 

A plasmid containing a chimeric 
sbss-EPSP-NOS gene was prepared in the following 
manner, shown in Figure 27. Plasmid pMON146 
(described previously and shown in Figure 25) was 
digested with Clal and Bglll, and a 2.3 kb fragment 
was purified. This fragment contained the EPSP 
synthase structural sequence coupled to a NOS 3' 
non-translated region with a poly-adenylation signal 
Plasmid PMON121 (described above and shown in Figure 
17) was digested with Clal and Bell, and a 1.1 kb 
fragment was purified. This fragment contains an sbss 
promoter region and 5« non- trans la ted region. The two 
fragments were mixed and ligated with T4 DNA ligase 
and subsequently digested with Clal . This created a 
chimeric sbss-EPSP-NOS gene, joined through compatible 
Bglll and Bell termini. This chimeric gene with Clal 
termini was inserted into plasmid pMON120 which had 
been digested with Clal and treated with calf alkaline 
Phosphatase (CAP). The mixture was ligated with T4 DNA 
ligase. The resulting mixture of fragments and 
Plasmxds was used to transform E. coli cells, which 
were selected for resistance to spectinomycin . A 
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colony of resistant cells was isolated, and the 
Plasmid in this colony was designated as pMON154, as 
shown in Figure 27. 

A culture of E. coli containing pMON154 has 
been deposited with the American Type Culture Center 
This culture has been assigned accession number 39265. 

Creation of caMV( iqs )-np T IT . wng n 

In an alternate preferred embodiment of this 
invention, a chimeric gene was created which contained 
the following elements: 

1. a promoter region and a 5- non- trans la ted 
region derived from the CaMV (19S) gene, which codes 
for the P66 protein; 

2. a partial coding sequence from the CaMV 
(19S) gene, including an ATG start codon and several 
internal ATG sequences, all of which were in the same 
frame as a TGA termination sequence immediately inside 
the desired ATG start codon of the NPTII gene; 

3. a structural sequence derived from a 
neomycin phosphotransferase n (N PT II, gene; this 
sequence was preceded by a spurious ATG sequence, 
which was in the same reading frame as a TGA sequence 
within the NPT II structural sequence; and, 

4. A 3' non-translated region, including a 
poly-adenylation signal, derived from a nopaline 
synthase (NOS) gene. 

This chimeric gene, referred to herein as 
the Canvugsj-NPTH-NOS gene, was inserted into 

plasmid pMON120 to create a ni«»«-^ ^ 

DMnN1 ,. u create a plasmid designated as 

PMON156, shown m Figure 29 and described in Example 
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9. Plasmid pMON156 was inserted in A. tumefaciens 
cells, where it formed a co-integrate Ti plasmid by 
means of a single crossover event with a Ti plasmid in 
the A. tumefaciens cell. The chimeric gene in the 
co-integrate plasmid was within a modified T-DNA 
region in the Ti plasmid, surrounded by left and right 
T-DNA borders. 

A similar chimeric gene was created and 
assembled in a plasmid designated as pMON155, shown in 
Figure 32 and described in Example 10. This chimeric 
gene resembled the gene in pMON156, with two 
exceptions : 

1. an oligonucleotide linker having stop 
codons in all three reading frames was inserted 
between the CaMV(19S) partial structural sequence and 
the NPT II structural sequence; and, 

2. the spurious ATG sequence on the 5 ' side 
of the NPT II structural sequence was deleted. 

The construction of this chimeric gene is 
described in Example 10. This gene was inserted into 
A. tumefaciens cells and subsequently into plant 
cells, its level of expression was apparently higher 
than the expression of the similar gene in P MON156, as 
assayed by growth on higher concentrations of 
25 kanamycin. A. tumefaciens cells containing 

co-integrate Ti::pMON155 plasmids have been deposited 
with the American Type Culture Center, and have been 
assigned ATCC accession number 39336. 
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In an alternate preferred embodiment of this 
invention, a chimeric gene was created comprising 
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(1) a promoter region which causes 
transcription of the 32S CaMV mRNA; 

(2) a structural sequence which codes for 
Npt II; and 

(3) a NOS 3' non-translated region. 

The assembly of this chimeric gene is 
described in Example 11 and Figures 33 through 37 
This gene was inserted into plant cells and it caused 
them to become resistant to kanamycin. 

bv c*mv ^! tUnla PlantS Cann0t noraa Hy be infected 
by CaMV. Those skilled in the art may determine 

through routine experimentation whether any particular 
Plant vxral promoter (such as the CaMV promoter) will 
function at satisfactory levels in any particular type 
of plant cell, including plant cells that are outsit 
of the normal host range of the virus from which the 
promoter was derived. 

Means for martini rh . enes 1nrn ., „_ M _ 

A variety of methods are known for inserting 
foreign dna into plant cells . 0ne such 

utilized by the Applicants, involved inserting a 
chimeric gene into Ti plasmids carried by 
A-^aS^ieSS. and co-cultivating the A^tusefaciens 
ch^L • * Se9 * ent ° f T - 0NA "trying the 

cau'La t 9 ^/" tr -*»- «- P^t genome, 

causing transformation. This method is described in 
detail m two separate U.S. patent applications 
entitled "Plasmids for Transforming Plant Cells » 
serial number 458,411, and "Genetically Transformed 
flants," serial number 45a 40? 

. , «iu«et *3B,402, both of which were 

rued on January 17, 1933 
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A variety of other methods are listed below. 
These methods are theoretically capable of inserting 
the- chimeric genes of this invention into plant cells, 
although the reported transformation efficiencies 
achieved to date by such methods have been low. The 
chimeric genes of this invention (especially those 
chimeric genes such as NPT I and NPT 1 1 , which may be 
utilized as selectable markers) are likely to 
facilitate research on methods of inserting DNA into 
plants or plant cells. 
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1. One alternate technique for inserting DNA 
into plant cells involves the use of lipid vesicles 
also called liposomes. Liposomes may be utilized to 
encapsulate one or more DNA molecules. The liposomes 
and their DNA contents may be taken up by plant cells; 
see, e.g., Lurquin, 1981. If the inserted DNA can be 
incorporated into the plant genome, replicated, and 
inherited, the plant cells will be transformed. 

To date, efforts to use liposomes to deliver 
DNA into plant cells have not met with great success 
(Fraley and Papahadjopoulos, 1981). only relatively 
small DNA molecules have been transferred into plant 
cells by means of liposomes, and none have yet been 
expressed. However, liposome-delivery technology is 
still being actively developed, and it is likely that 
methods will be developed for transferring plasmids 
containing the chimeric genes of this invention into 
plant cells by means involving liposomes. 

2. Other alternate techniques involve 
contacting plant cells with DNA which is complexed 
with either (a) polycationic substances, such as 
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poly-L-orni thine (Davey et al, 1980), or (b) calcium 
Phosphate (Krens et al, 1982). Although efficiencies 
of transformation achieved to date have been low 
these methods are still being actively researched. 

3. A method has been developed involving 
the fusion of bacteria, which contain desired 
Plasmids, with plant cells, such methods involve 
converting the bacteria into spheroplasts and 
converting the plant cells into protoplasts. Both of 
these methods remove the cell wall barrier from the 
bacterial and plant cells, using enzymic digestion 
The two cell types can then be fused together by 
exposure to chemical agents, such as polyethylene 
glycol, see Hasezawa et al, 1981. Although the 
transformation efficiencies achieved to date by this 
method have been low, similar experiments using 
fusions of bacterial and animal cells have produced 
good results; see Rassoulzadegan et al, 1982. 

4. Two other methods which have been used 
successfully to genetically transform animal cells 
myolve (a) direct microinjection of DNA into animal 
" ^' USing Ver * snal1 needles (Capecchi, 

1980), and (b) electric-current-induced uptake of DNA 
by animal cells (Wong and Neumann, 1982). Although 
neither of these techniques have been utilized to date 
to transform plant cells, they may be useful to insert 
chimeric genes of this invention into plant cells 


Use 


. ■ Chimeric genes of th" invention may be 

used to identify, isolate, and study DNA sequences to 
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determine whether they are capable of promoting or 
otherwise regulating the expression of genes within 
plant cells. 

For example, the DNA from any type of cell 
can be fragmented, using partial endonuclease 
digestion or other methods. The DNA fragments are 
mixed with multiple copies of a chimeric gene which 
has been cleaved at a unique cleavage site that is 
located in the 5» direction from the ATG start codon 
of the structural sequence. Preferably, the structural 
sequence, if properly transcribed, will be translated 
into a selectable marker, such as a polypeptide which 
confers resistance on the host to a selected 
antibiotic. The DNA mixture is ligated to form 
plasmids, and the plasmids are used to transform plant 
cells which are sensitive to the selected antibiotic. 
The cells are cultured on media which contains an 
appropriate concentration of the selected antibiotic. 
Plant cells will survive and reproduce only if the 
structural sequence is transcribed and translated into 
the polypeptide which confers resistance to the 
antibiotic. This is presumed to occur only if the 
inserted DNA fragment performs the function of a gene 
promoter; the resistant colonies will be evaluated 
further to determine whether this is the case. 

Using this technique, it is possible to 
evaluate the promoter regions of bacteria, yeast, 
fungus, algae, other microorganisms, and animal cells, 
to determine whether they also function as gene 
promoters in various types of plant cells. It is also 
possible to evaluate promoters from one type of plant 
m other types of plant cells. By using similar 
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methods and varying the cleavage site in the chimeric 
gene, it is possible to evaluate the performance of 
any-DNA sequence as a 5' non- trans la ted region, a 3' 
non-translated region, or any type of other regulatory 
sequence . 
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If desired, a partial chimeric gene may be 
utilized in this method of evaluating the regulatory 
effects of various DNA sequences. For example, the 
NOS promoter region and/or the NOS 5' non- trans la ted 
region may be deleted from the NOS-NPT I I -NOS chimeric 
gene. This would create a chimeric gene having a 
unique cleavage site but no promoter region in front 
of an NPT II structural sequence. 

In case the inserted DNA fragment contains a 
start codon which might (1) alter the reading frame of 
the structural sequence, or (2) alter the amino 
terminus of the polypeptide, it is possible to place 
an oligonucleotide between the cleavage site and the 
start codon of the structural sequence. The 
oligonucleotide would contain stop codons in all three 
reading frames. Therefore, if a start codon was 
included in the inserted DNA fragment, the gene would 
be a dicistronic gene. The first polypeptide would be 
terminated by whichever stop codon happened to be in 
the reading frame of the inserted start codon. The 
second start codon would begin the translation of a 
separate polypeptide, which would be the selectable 
marker enzyme. 

Meaning of Various Phrases 

A variety of phrases which are used in the 
claims must be defined and described to clarify the 
meaning and coverage of the claims. 
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The meaning of any particular term shall be 
interpreted with reference to the text and figures of 
this application, in particular, it is recognized 
that a variety of terms have developed which are used 
inconsistently in the literature. For example, a 
variety of meanings have evolved for the term 
"promoter," some of which include the S 1 
non-translated region and some of which do not. in an 
effort to avoid problems of interpretation, the 
Applicants have attempted to define various terms. 
However, such definitions are not presumed or intended 
to be comprehensive and they shall be interpreted in 
light of the relevant literature. 

The term "chimeric gene" refers to a gene 
that contains at least two portions that were derived 
from different and distinct genes. As used herein, 
this term is limited to genes which have been 
assembled, synthesized, or otherwise produced as a 
result of man-made efforts, and any genes which are 
replicated or otherwise derived therefrom. "Man-made 
efforts" include enzymatic, cellular, and other 
biological processes, if such processes occur under 
conditions which are caused, enhanced, or controlled 
by human effort or intervention; this excludes genes 
whach are created solely by natural processes . 


30 
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As used herein, a "gene" is limited to a 
segment of DNA which is normally regarded as a gene by 
those skilled in the art. For example, a plasmid 
might contain a plant-derived promoter region and a 
heterologous structural sequence, but unless those two 
segments are positioned with respect to each other in 
the plasmid such that the promoter region causes the 
transcription of the structural sequence, then those 
two segments would not be regarded as included in the 
same gene. 
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This invention relates to chimeric genes 
which have structural sequences that are 
"heterologous" with respect to their promoter regions 
This includes at least two types of chimeric genes : 

1. DNA of a gene which is foreign to a 
plant cell. For example, if a structural sequence 
which codes for mammalian protein or bacterial protein 
is coupled to a plant promoter region, such a gene 
would be regarded as heterologous. 

2. A plant cell gene which is naturally 
promoted by a different plant promoter region. For 
example, if a structural sequence which codes for a 
Plant protein is normally controlled by a low-quantity 
promoter, the structural sequence may be coupled with 
a prolific promoter. This might cause a higher 
quantity of transcription of the structural sequence, 
thereby leading to plants with higher protein content. 
Such a structural sequence would be regarded as 
heterologous with regard to the prolific promoter. 

However, it is not essential for this 
invention that the entire structural sequence be 
heterologous with respect to the entire promoter 
region. For example, a chimeric gene of this 
invention may be created which would be translated 
mto a "fusion protein", i.e., a protein comprising 
Polypeptide portions derived from two separate 
structural sequences. This may be accomplished by 
inserting all or part of a heterologous structural 
sequence into the structural sequence of a plant gene, 
somewhere after the start codon of the plant 
structural sequence. 
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As used herein, the phrase, "a promoter 
region derived from a specified gene" shall include a 
promoter region if one or more parts of the promoter 
region were derived from the specified gene. For 
example, it might be discovered that one or more 
portions of a particular plant-derived promoter region 
(such as intervening region 8, shown on Figure 1) 
might be replaced by one or more sequences derived 
from a different gene, such as the gene that contains 
the heterologous structural sequence, without reducing 
the expression of the resulting chimeric gene in a 
particular type of host cell. Such a chimeric gene 
would contain a plant-derived association region 2, 
intervening region 4, and transcription initiation' 
sequence 6, followed by heterologous intervening 
region 8, 5' non- trans la ted region 10 and structural 
sequence 14. Such a chimeric gene is within the scope 
of this invention. 

As used herein, the phrase "derived from" 
shall be construed broadly. For example, a structural 
sequence may be "derived from" a particular gene by a 
variety of processes, including the following: 

1. the gene may be reproduced by various 
means such as inserting it into a plasmid and 
replicating the plasmid by cell culturing, in vitro 
replication, or other methods, and the desired 
sequence may be obtained from the DNA copies by 
various means such as endonuclease digestion; 

2. mRNA which was coded for by the gene may 
be obtained and processed in various ways, such as 
preparing complementary DNA from the mRNA and then 
digesting the cDNA with endonucleases; 
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3. the sequence of bases in the structural 
sequence may be determined by various methods, such as 
endbnuclease mapping or the Maxam-Gilbert method. A 
strand of DNA which duplicates or approximates the 
desired sequence may be created by various methods, 
such as chemical synthesis or ligation of 
oligonucleotide fragments . 

4. a structural sequence of bases may be 
deduced by applying the genetic code to the sequence 
of amino acid residues in a polypeptide. Usually, a 
variety of DNA structural sequences may be determined 
for any polypeptide, because of the redundancy of the 
genetic code. From this variety, a desired sequence 
of bases may be selected, and a strand of DNA having 
the selected sequence may be created. 

If desired, any DNA sequence may be modified 
by substituting certain bases for the existing bases. 
Such modifications may be performed for a variety of 
reasons. For example, one or more bases in a sequence 
may be replaced by other bases in order to create or 
delete a cleavage site for a particular endonuclease . 
As another example, one or more bases in a sequence 
may be replaced in order to reduce the occurrence of 
"stem and loop" structures in messenger RNA. Such 
modified sequences are within the scope of this 
invention. 


A structural sequence may contain introns 
and exons; such a structural sequence may be derived 
from DNA, or from an mRNA primary transcript. 
Alternately, a structural sequence may be derived from 
processed mRNA, from which one or more introns have 
35 been deleted. 
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The Applicants have deposited two cultures 
of E. coli cells containing plasmids pMON128 and 
PMON154 with the American Type Culture Collection 
(ATCC). These cells have been assigned ATCC accession 
numbers 39264 and 39265, respectively. The Applicants 
have claimed cultures of microorganisms having the 
"relevant characteristics" of either culture. As used 
herein, the "relevant characteristics" of a cell 
culture are limited to those characteristics which 
make the culture suitable for a use which is 
disclosed, suggested or made possible by the 
information contained herein. Numerous 
characteristics of the culture may be modified by 
techniques known to those skilled in the art; for 
example, the cells may be made resistant to a 
particular antibiotic by insertion of a particular 
plasmid or gene into the cells, or the pMON128 or 
PMON154 plasmids might be removed from the designated 
cells and inserted into a different strain of cells. 
Such variations are within the scope of this 
invention, even though they may amount to 
improvements, which undoubtedly will occur after more 
researchers gain access to these cell cultures. 

Those skilled in the art will recognize, or 
be able to ascertain using no more than routine 
experimentation, numerous equivalents to the specific 
embodiments described herein. Such equivalents are 
wxthin the scope of this invention. 

EXAMPLES 

Example l Creatio n of pMONlooi 

Fifty micrograms (ug) of lambda phage 
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bbkan-1 DNA (Berg et al, 1975) were digested with 100 
units of Hindi 1 1 (all restriction endonucleases were 
obtained from New England Biolabs, Beverly, MA, and 
were used with buffers according to the suppliers 
instructions, unless otherwise specified) for 2 hr at 
37 C. After heat-inactivation (70°C, 10 min), the 3.3 
kb Tn5 Hindi 1 1 fragment was purified on a sucrose 
gradient. One ug of the purified Hindu I fragment was 
digested with BamHl (2 units, 1 hr, 37°C), to create a 
1.8 kb fragment. The endonuclease was heat 
inactivated. 

Plasmid pBR327 (Soberon et al, 1981), 1 ug, 
was digested with Hindi I I and BamHI ( 2 units each, 2 
hr, 37°C). Following digestion, the endonucleases 
were heat inactivated and the cleaved pBR327 DNA was 
added to the BamHI -Hindi 1 1 Tn5 fragments. After 
addition of ATP to a concentration of 0.75mM, 10 units 
of T4 DNA ligase (prepared by the method of Murray et 
al, 1979) was added, and the reaction was allowed to 
continue for 16 hours at 12-14°C. One unit of T4 DNA 
ligase will give 90% circularization of one ug of 
Hindi I I -cleaved pBR327 plasmid in 5 minutes at 22°C. 

The ligated DNA was used to transform 
CaCl 2 -shocked E. coli C600 recA56 cells (Maniatis et 
al, 1982). After expression in Luria broth (LB) for 1 
hour at 37°C the cells were spread on solid LB media 
plates containing 200 ug/ml ampicillin and 40 ug/ml 
kanamycin. Following 16 hour incubation at 37°c, 
several hundred colonies appeared. Plasmid mini-prep 
DNA was prepared from six of these. ( Ish-Horowicz and 
Burke, 1981). Endonuclease digestion showed that all 
six of the plasmids carried the 1.8 kb Hindlll-BamHl 
fragment. One of those isolates was designated as 
PMON1001 as shown in Figure 6. 
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Example 2: Creation of PMON40 

Five ug of plasmid pMONlOOl (described in 
Example 1) was digested with Smal. The reaction was 
5 terminated by phenol extraction, and the DNA was 

precipitated by ethanol. A BamHI linker CCGGATCCGG 
(0.1 ug), which had been phosphorylated with ATP and 
T4 polynucleotide kinase (Bethesda Research 
Laboratory, Rockville, MD) was added to 1 ug of the 
10 pMONlOOl fragment. The mixture was treated with T4 
DNA ligase (100 units) for 18 hours at 14°C. After 
heating at 70°C for 10 min to inactivate the DNA 
ligase, the DNA mixture was digested with BamHI 
endonuclease (20 units, 3 hours, 37°C) and separated 
by electrophoresis on an 0.5% agarose gel. The band 
corresponding to the 4.2 kb Smal-BamHI vector fragment 
was excised from the gel. The 4.2 kb fragment was 
purified by adsorption on glass beads (Vogelstein and 
Gillespie, 1979), ethanol precipitated and resuspended 
in 20 ul of DNA ligase buffer with ATP . T4 DNA ligase 
(20 units) was added and the mixture was incubated for 
1.5 hours at room temperature. The DNA was mixed with 
rubidium chloride-shocked E. coli C600 cells for 
DNA transformation (Maniatis et al, 1982) After 
25 expression for 1 hour at 37°C in LB, the cells were 

spread on LB plates containing 200 ug/ml of ampicillin 
and 20 ug/ml kanamycin. The plates were incubated at 
37 C for 16 hours. Twelve ampicillin-resistant, 
kanamycin-resistant colonies were chosen, 2 ml 
cultures were grown, and mini-plasmid preparations 
were performed. Endonuclease mapping of the plasmids 
revealed that ten of the twelve contained no Smal site 
and a single BamHI site, and were of the appropriate 
size, 4.2 kb. The plasmid from one of the ten 

colonies was designated as pMON40, as shown in Figure 

6 • 
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Example 3: Creation o f NOS Promoter Fragment 

An oligonucleotide with the following 
sequence, 5 ' -TGCAGATTATTTGG-3 ' , was synthesized 
(Beaucage and Carruthers, 1981, as modified by Adams 
et al, 1982). This oligonucleotide contained a 32 p 
.radioactive label, which was added to the 5- thymidine 
residue by polynucleotide kinase. 

An M13 mp7 derivative, designated as S1A, 
was given to Applicants by M. Bevan and M.-D. Chilion, 
Washington University, St. Louis, MO. To the best of' 
Applicants' knowledge and belief, the SlA DNA was 
obtained by the following method. A P TiT37 plasmid 
was digested with HindHI, and a 3.4 Jcb fragment was 
isolated and designated as the Hindi I 1-23 fragment. 
This fragment was digested with Sau3a, to create a 344 
bp fragment with Sau3a ends. This fragment was 
inserted into double-stranded, replicative form DNA 
from the M13 mp7 phage vector (Messing et al, 1981) 
which had been cut with BamHI . Two recombinant phages 
with 344 bp inserts resulted, one of which contained 
the anti-sense strand of the NOS promoter fragment. 
That recombinant phage was designated as SlA, and a 
clonal copy was given to the Applicants. 

The Applicants prepared the single- stranded 
form of the SlA DNA (14.4 ug; 6 pmol ) , and annealed it 
(10 minutes at 70°C, then cooled to room temperature) 
with 20 pmol of the 14-mer oligonucleotide, mentioned 
above. The oligonucleotide annealed to the Sau3a 
insert at bases 286-300 as shown on Figures 4 and 5. 

200 ul of the SlA template and annealed 
oligonucleotide were mixed with the four dNTP's 
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(present at a final concentration of ImM, 25 ul) and 
50 ul of Klenow polymerase. The mixture incubated for 
30 minutes at room temperature. During this period, 
the polymerase added dNTP's to the 3 » end of the 
oligonucleogide. The polymerase was heat- inactivated 
(70 C, 3 min), and Haelll (160 units) were added. The 
mixture was incubated (1 hour, 55°C), the Haelll was 
inactivated (70°c, 3 min), and the four dNTP's (ImM, 
12 ul) and T4 DNA polymerase (50 units) were added.' 
The mixture was incubated (1 hour, 37°C) and the 
polymerase was inactivated (70°C, 3 min). This 
yielded a fragment of about 570 bp. EcoRl (150 units) 
was added, the mixture was incubated (1 hour, 37°c) 
and the EcoRl was inactivated (70°C, 3 min). 

Aliguots of the mixture were separated on 6% 
acrylamide with 25% glycerol. Autoradiography 
revealed a radioactively labelled band about. 310 bp in 
size. This band was excised. The foregoing procedure 
is indicated by Figure 5. 

Example 4: Creation of pMON5fi 

Five ug of plasraid pMON40 (described in 
Example 2) were digested with Bgln (io units, 1.5 
25 hour, 37°C), and the Bglll was inactivated (70°C, 10 
min). The four dNTP's (ImM, 5 ul ) and Klenow 
polymerase (8 units) were added, the mixture was 
incubated (37°c, 40 min), and the polymerase was 
inactivated (70°c, 10 min). EcoRl (io units) was 
added and incubated (1 hour, 37°C), and calf alkaline 
Phosphatase (CAP) was added and incubated (1 hour, 
37 C). a fragment of about 3.9 kb was purified on 
agarose gel using NA-45 membrane (Scheicher and 
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Scheull, Keene NH) . The fragment (1.0 p M ) was mixed 
with the NOS promoter fragment (0.1 pM), described in 
Example 3, and with T4 DNA ligase (100 units). The 
mixture was incubated (4°C, 16 hr). The resulting 
plasmids were inserted into E. coli cells, which were 
selected on media containing 200 ug/ml ampicillin. 
Thirty-six clonal Amp R colonies were selected, and 
mini -preps of plasmids were made from those colonies. 
The plasmid from one colony demonstrated a 308 bp 
EcoRI-Bglli fragment, a new Sstll cleavage site 
carried by the 308 bp NOS fragment, and a new PstI 
site. This plasmid was designated as pMON58, as 
shown in Figure 7. pMON58 DNA was prepared as 
described above. 


Example 5 : Creation of 


PMON42 


Plasmid pBR325-HindIII-23, a derivative of 
plasmid PBR325 (Bolivar, 1978) carrying the Hindi I 1-23 
fragment of pTIT37 (see Figure 3) in the Hindi! I site 
was given to Applicants by M. Bevan and M.-D. Chilton,' 
Washington University, St. Louis, MO. DNA of this 
plasmid was prepared and 30 ug were digested with 
Hindi 1 1 (50 units) and BamHI (50 units). The 1.1 Jcb 
Hindlll-Bamfll fragment was purified by adsorption on 
glass beads (Vogelstein and Gillespie, 1979) after 
agarose gel electrophoresis. The purified fragment 
(0.5 ug) was added to 0.5 ug of the 2.9 kb 
Hindlll-BamHI fragment of pBR327. After treatment with 
DNA ligase (20 units, 4 hours, 22°C), the resulting 
plasmids were introduced to E. coli C600 cells. Clones 
resistant to ampicillin at 200 ug/ml were selected on 
solid media; 220 clones were obtained. Minipreps of 
Plasmid DNA were made from six of these clones and 
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tested with the presence of a 1.1 kb fragment after 
digestion with Hindi I I and BamHI. One plasmid which 
demonstrated the correct insert was designated pMON42. 
Plasmid pMON42 DNA was prepared as described in 
previous examples. 

Example 6: Crea tion of M13 Clone M-2 

Seventy- five ug of plasmid pM0N42 (described 
in Example 5) prepared from dam- E^ coli cells were 
digested with Rsal and BamHI (50 units of each, 3 
hours, 37oC) and the 720 bp Rsal-BamHI fragment was 
purified using NA-45 membrane. Eight ug of the 
purified 720 bp BamHI-Rsal fragment were digested with 
Mbol (10 min, 70°C), the ends were made blunt by 
filling in with the large Klenow fragment of DNA 
polymerase I and the four dNTP's. Then 0.1 ug of the 
resulting DNA mixture was added to 0.05 ug of M13 mp8 
previously digested with Smal (1 unit, 1 hour 37°C) 
and calf alkaline phosphatase (0.2 units). After 
ligation (10 units of *T4 DNA ligase, 16 hours, 12°C) 
and transfection of E. coli JM101 cells, several 
hundred recombinant phage were obtained. Duplex RF 
DNA was prepared from twelve recombinant, 
phage-carrying clones. The RF DNA (0.1 ug) was 
cleaved with EcoRl, (l unit, 1 hour, 37°C), 
end-labeled with 32 P-dATP and Klenow polymerase, and 
re-digested with BamHI (1 unit, 1 hour, 37°C). The 
EcoRl and BamHI sites span the Smal site. Therefore 
clones containing the 260 bp Mbol fragment could be 
identified as yielding a labelled 270 bp fragment 
after electrophoresis on 6% poly- aery 1 amide gels and 
autoradiography. Four of the twelve clones carried 
this fragment. The orientation of the insert was 
determined by digestion of the EcoRl -cleaved, 


PCT/US84/00048 


-66- 


end-labeled RF DNA (0.1 ug) with Hinfl (1 unit, 1 
hour, 37°C). Hinfl cleaves the 260 bp Mbol fragment 
once 99 bp from the 3 • end of the fragment and again 
42 bp from the end nearest the NOS coding region. Two 
clones of each orientation were obtained. One clone, 
digested as M-2 as shown in Figure 8, contained the ' 
260 bp fragment with the EcoRl site at the 3 ' end of 
the fragment. M-2 RF DNA was prepared using the 
procedures of Messing, et al 1981. 

Example 7: Creatio n of d mon75 and PMON76 

Fifty ug of M-2 RF DNA (described in Example 
6) were digested with 50 units of EcoRI and 50 units 
of BamHI for 2 hours at 37°c. The 270 bp fragment (1 
ug) was purified using agarose gel and NA-45 membrane 
Plasmid PMON58 (described in Example 4) was digested 
with EcoRI and BamHI (50 ug, 50 units each, 2 hours, 
37 C) and the 1300 bp fragment was purified using 
NA-45 membrane. The 270 bp EcoRI -BamHI (0.1 ug) and 
1300 bp EcoRI -BamHI (0.5 ug) fragments were mixed, 
treated with T4 DNA ligase (2 units) for 12 hours at 
14 C. After heating at 70°c for 10 minutes to 
inactivate the ligase, the mixture was treated with 
EcoRI (10 units) for 1 hour at 37°c, then heated to 
70 C for 10 minutes to inactivate the EcoRI. This 
completed the assembly of a chimeric NOS-NPT I I -NOS 
gene on a 1.6 kb fragment, as shown on Figure 9. 

Plasmid pMON38 is a clone of the pTiT37 
HindIll-23 fragment inserted in the Hindlll site of 
PBR327 (Soberon et al, 1980). pM ON38 DNA (20 ug) was 
digested with EcoRI (20 units, 2 hours, 37°C) and calf 
alkaline phosphatase (0.2 units, 1 hour, 37°C). The 
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PMON38 DNA reaction was extracted with phenol, 
precipitated with ethanol, dried and resuspended in 20 
Ul of 10 mM Tris-HCl, 1 mM EDTA, pH 8. 

0.2 ug of the cleaved pMON38 DNA was added 
to the chimeric gene mixture described above. The 
mixture was treated with T4 DNA ligase (4 units, 1 
hour, 22°C) and mixed with Rb chloride- treated E. coli 
C600 recA56 cells to obtain transformation. After 
plating with selection for ampicillin-resistant (200 
ug/ml) colonies, 63 potential candidates were 
obtained. Alkaline mini-preps of plasmid DNA were 
made from 12 of these and screened by restriction 
endonuclease digestion for the proper constructs. 
Plasmid DNA's that contained a 1.5 kb EcoRl fragment 
15 and a new Bglli site were digested with BamHI to 
determine the orientation of the 1.5 kb EcoRI 
fragment. One of each insert orientation was picked. 
One plasmid was designated pMON75 and the other 
PMON76, as shown in Figure 9. DNA from these plasmids 
were prepared as described in previous examples. 

Example 8: Creation of plasmi ds PMON128 and PMON12Q 
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The 1.5 kb EcoRI fragment was excised by 
EcoRI digestion from either pMON75 or pMON76 and 
purified after agarose gel electrophoresis as 
described in previous examples. Five ug of DNA from 
plasmid PMON120 (described in a separate application, 
"Plasmids for Transforming Plant Cells," cited 
previously) was digested with EcoRI and treated 
with calf alkaline phosphatase. After phenol 
deproteinization and ethanol precipitation, the 
EcoRl-cleaved P MON120 linear DNA was mixed with 0.5 ug 
of the 1.5 kb EcoRI chimeric gene fragment. The 
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mixture was treated with 2 units of T4 DNA ligase for 
1 hour at 22oC. After transformation of E. coli cells 
(Maniatis et al, 1982) and selection of colonies 
resistant to spectinomycin (50 ug/ml), several 
thousand colonies appeared. Six of these were picked, 
grown, and plasmid mini -preps made. The plasmid DNA' s 
were digested with EcoRI to check for the 1.5 kb 
chimeric gene insert and with BamHI to determine the 
orientation of the insert. BamHI digestion showed 
that in PMON128 the chimeric gene was transcribed in 
the same direction as the intact nopaline synthase 
gene of pMON120. The orientation of the insert in 
PMON129 was opposite that in DMON128; the appearance 
of an additional 1.5 kb BamHI fragment in digests of 
PMON129 showed that plasmid pMON129 carried a tandem 
duplication of the chimeric NOS-NPT II-NOS gene, as 
shown in Figure 10. 

Example 9: Cr eation of Plasmid p Mom Sfi 

Plasmids which contained CaMV DNA were a 
gift to Monsanto Company from Dr. R. j. shepherd 
University of California, Davis. To the best of' 
Applicants' knowledge and belief, these plasmids 
(designated as pOSl) were obtained by inserting the 
entire genome of a CaMV strain designated as CM4-184 
25 (Howarth et 1, 1981) into the Sal I restriction site 
of a pBR322 plasmid (Bolivar et al, 1977). E . coli 
cells transformed with pOSl were resistant to 
ampicillin (Amp R ) and sensitive to tetracycline 
(Tet s ). 
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Various strains of CaMV suitable for 
isolation of CaMV DNA which can be used in this 
invention are publicly available; see, e.g., ATCC 
Catalogue of strains II, p. 3 87 (3rd edition, 1981) 
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pOSl DNA was cleaved with Hindi II. Three 
small fragments were purified after electrophoresis on 
an 0.8% agarose gel using NA-45 membrane (Schleicher 
and Schuell, Keene NH). The smallest fragment, about 
500 bp in size, contains the 19S promoter. This 
fragment was further purified on a 6% acrylamide gel. 
After various manipulations which did not change the 
sequence of this fragment (shown in Figure 28), it was 
digested with Mbol to create a 455 bp Hindlll-Mbol 
fragment. This fragment was mixed with a 1250 bp 
fragment obtained by digesting pM0N75 (described 
in Example 7 and shown in Figure 9) with Bglll and 
EcoRI. This fragment contains the NPTII structural 
sequence and the NOS 3' non- trans la ted region. The 
two fragments were ligated together by their compatible 
Mbol and Bglll overhangs to create a fragment containing 
the CaMV(l9S)-NPTII-NOS chimeric gene. This fragment was 
inserted into pMON120 which had been cleaved with 
Hindi I I and EcoRI. The resulting plasmid was 
designated as pMON156, as shown in Figure 29. 


Plasmid pMON156 was inserted into E. coli 
cells and subsequently into A. tumefaciens cells where 
it formed a co-integrate Ti plasmid having the 
CaMV(19S)-NPT II-NOS chimeric gene surrounded by T-DNA 
25 borders. A. tumefaciens cells containing the 

co-integrate plasmids were co-cultivated with petunia 
cells. • The co-cultivated petunia cells were cultured 
on media containing kanamycin. Come of the 
co-cultivated petunia cells survived and produced 
colonies on media containing up to 50 ug/ml kanamycin. 
This indicated that the CaMV( 19S )-NPT II-NOS genes 
were expressed in petunia cells. These results were 
confirmed by Southern blot analysis of transformed 
plant cell DNA. 
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Example 10: C reation of pMON155 

Plasmid pM0N72 was obtained by inserting a 
1.8 kb Hindlll-BamHI fragment from bacterial 
transposon Tn5 (which contains an NPTII structural 
sequence) into a PstI- pBR327 plasmid digested with 
Hindi I I and BamHI. This plasmid was digested with 
Bglll and PstI to remove the NPTII structural 
sequence . 

Plasmid pMONlOOl (described in Example 1 and 
shown in Figure 6) from dam- cells was digested with 
Bglll and PstI to obtain a 218 bp fragment with a 
partial NPTII structural sequence. This fragment was 
digested with Mbol to obtain a 194 bp fragment. 

A triple ligation was performed using (a) 
large Pstl-Bglll fragment of pMON72; (b) the 
Pstl-Mbol fragment from pMONlOOl; and (c) a synthetic 
linker with Bglll and Mbol ends having stop codons in 
all three reading frames. After transformation of 
E - C0li cells selection for ampicillin resistant 
colonies, plasmid DNA from Amp R colonies was analyzed 
A colony containing a plasmid with the desired structure 
was identified. This plasmid was designated pMONUO, 
as shown on Figure 30. 

In order to add the 3* end of the NPT II 
structural sequence to the 5 • portion in pMONUO, 
PMONUO was treated with Xhol. The resulting 
overhanging end was filled in to create a blunt end by 
treatment with Klenow polymerase and the four 
deoxy-nucleotide triphosphates (dNTP's), A, T, C, and 
G- The Klenow polymerase was inactivated by heat, the 
fragment was digested with PstI, and a 3.6 kb fragment 
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was purified. Plasmid pMON76 (described in Example 7 
and shown in Figure 9) was digested with Hindi II, filled 
in to create a blunt end with Klenow polymerase and the 
four dNTP's, and digested with Pstl. An 1100 bp fragment 
was purified, which contained part of the NPT II 
structural sequence, and a nopaline synthase <NOS) 3- 
non- translated region. This fragment was ligated with 
the 3.6 kb fragment from pMONllO. The mixture was 
used to transform E. coli cells; Amp R cells were 
selected, and a colony having a plasmid with the 
desired structure was identified. This plasmid was 
designated pMON132, as shown on Figure 31. Plasmid 
PMON93 (shown on Figure 28) was digested with Hindlll, 
and a 476 bp fragment was isolated. This fragment was 
digested with Mbol, and a 455 bp fragment was purified 
which contained the CaMV (19S) promoter region and 5- 
non-translated region. Plasmid pMON132 was digested 
with EcoRl and Bglll to obtain a 1250 bp fragment with 
(1) the synthetic linker equipped with stop codons in 
all three reading frames; (2) the NPT II structural 
sequence; and (3) the NOS 3« non- trans la ted region. 
These two fragments were joined together through the 
compatible Mbol and Bglll ends to create a CaMV 
(19S)-NPT II-NOS chimeric gene. 

This gene was inserted into pMON120, which 
was digested with Hindi I I and EcoRl, to create plasmid 
PMON155, as shown in Figure 32. 


Plasmid pMON155 was inserted into 
A. tumefaciens GV3111 cells containing a Ti plasmid, 
PT1B653. The pMONISS plasmid formed a cointegrate 
Plasmid with the Ti plasmid by means of a single 
crossover event. Cells which contain this 
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co- integrate plasmid have been deposited with the 
American Type Culture Collection, and have been assigned 
ATCC accession number 39336. A fragment which 
contains the chimeric gene of this invention can be 
obtained by digesting the co-integrate plasmid with 
Hindi 1 1 and EcoRl, and purifying the 1.7 to fragment. 
These cells have been used to transform petunia cells, 
allowing the petunia cells to grow on media containing 
at least 100 ug/ml kanamycin. 

Example 11: Creatio n of dMQNI 8 3 and 184 

Plasmid pOSl (described in Example 9) was 
digested with Bglll, and 1200 bp fragment was 
purified. This fragment contained the 32S promoter 
region and part of the 5' non- trans la ted region. It 
was inserted into plasmid pSHL72 which had been 
digested with BamHI and Bglll (pSHL72 is functionally 
equivalent to P AC060, described in Colbere-Garapin et 
al, 1981). The resulting plasmid was designated as 
PMON50, as shown on Figure 33. 

The cloned Bglll fragment contains a region 
of DNA that acts as a polyadenylation site for the 32S 
RNA transcript. This polyadenylation region was 
removed as follows: pMONSO was digested with Avail 
and an 1100 bp fragment was purified. This fragment 
was digested with EcoRI* and EcoRV. The resulting 190 
bp EcoRl-EcoRV fragment was purified and inserted into 
Plasmid pBR327, which had been digested with EcoRI and 
EcoRV. The resulting plasmid, P MON81, contains the 
CaMV 32S promoter on a 190 bp EcoRV-EcoRI fragment, as 
shown on Figure 33. 
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To make certain the entire promoter region 
of CaMV(32S) was present in pMONSl, a region adjacent 
to the 5' (EcoRV) end of the fragment was inserted 
into pMONSl in the following way. Plasmid pMON50 
prepared from dam- cells was digested with EcoRl and 
Bglll and the resultant 1550 bp fragment was purified 
and digested with Mbol. The resulting 725 bp Mbol 
fragment was purified and inserted into the unique 
Bglll site of plasmid pKC7 (Rao and Rogers, 1979) to 
give plasmid pMON12S, as shown in Figure 34. The 
sequence of bases adjacent to the two Mbol ends 
regenerates Bglll sites and allows the 725 bp fragment 
to be excised with Bglll. 

To generate a fragment carrying the 32S 
promoter, the 725 bp Bglll fragment was purified from 
PMON125 and was subsequently digested with EcoRV and 
Alul to yield a 190 bp fragment. Plasmid pMONSl was 
digested with BamHI , treated with Klenow polymerase 
and digested with EcoRV. The 3.1 kb 
EcoRV-BamHl( blunt, fragment was purified, mixed with 
the 190 bp EcoRV-AluI fragment and treated with DNA 
ligase. Following transformation and selectin of 
ampicillin-resistant cells, plasmid pMON172 was 
obtained which carries the CaMV(32S) promoter sequence 
on a 380 bp BamHI -EcoRl fragment, as shown on Figure 
35. This fragment does not carry the poly-adenylation 
region for the 32S RNA. Ligation of the Alul end to 
the filled-in BamHI site regenerates the BamHI site. 

To rearrange the restriction endonuclease 
sites adjacent to the CaMV(32S) promoter, the 380 bp 
Bamfll-EcoRI fragment was purified from pMON172 
treated with Klenow polymerase, and inserted into the 
unique Smal site of phage M13 mp8 . One recombinant 
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phage, M12, carried the 380 bp fragment in the 
orientation shown on Figure 36. The replicative form 
DMA from this phage carries the 32S promoter fragment 
on an EcoRI<5- )-BamHI(3' ) fragment. 

Plasmids carrying a chimeric gene <CaMV(32S) 
promoter region-NPT II structural sequence-NOS 3- 
non-translated region) were assembled as follows The 
380 bp EcoRl-BamHI CaMV (32S) promoter fragment was 
purified from phage M12 RF DNA and mixed with the 1250 
bp Bglll-EcoRI NPT II-NOS fragment from pMON75. 
Joining of these two fragments through their 
compatible BamHI and Bglll ends results in a 1.6 to 
CaMV(32S)-NPT II-NOS chimeric gene. This gene was 
inserted into pMON120 at the EcoRl site in both 
orientations. The resultant plasmids, pMON183 and 184, 
appear in Figure 37. 

These plasmids were used to transform 
petunia cells. The transformed cells are capable of 
growth on media containing 100 ug/ml kanamycin. 
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1. A chimeric gene expressed in one or more 
types of plant cells, comprising the following 
regions, in sequence: 

a. a promoter region derived from a gene which 
xs naturally expressed in a plant cell; 

b. a 5« non- translated region; and, 

c a structural sequence which is heterologous 
with respect to the promoter region, 

TZ\T e r° m0ter regi ° n CaUSeS transcription 
of the structural sequence in plant cells. 

2 a chimeric gene expressed in one or more 
types of plant cells, comprising the following 
regions, in sequence: 

a. a promoter region derived from a gene 
which is naturally expressed in a plant cell; 
*>. a 5 non-translated region; and, 
c a structural sequence which is heterologous 
with respect to the promoter region 
wherein the chimeric aen- 

was create k • ancestor gene thereof 

TcL Y iILZi ^ £ ligati0n of a fi "t nucleic 

second^T 6 P^oter region to T 

second nucleic acid sequence containing the 
structural sequence. 

3 "/ Chimeric gene messed in one or more 

TcZnl C6llS ' C ° mPriSi ^ Allowing 

regions, in sequence: 

a. a promoter region derived from a gene 
which is naturally expressed in a plant cell; 
a 5 non-translated region; and, 

witn* reTT^ S6qUenCe WhiCh 15 ^terologous 
with respect to the promoter region, 

wherein the chimeric gene is expressed in one or more 
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types of plant cells at a level which is sufficient 
to cause a phenotypic alteration in transformed plant 
cells compared to the untransfonned plant cells. 

4. A chimeric gene expressed in one or more 
types of plant cells, comprising the following 
regions, in sequence: 

a. a promoter region derived from a gene 
which is naturally expressed in a plant cell; 

b. a 5' non- translated region; and, 

c. a structural sequence which is heterologous 
with respect to the promoter region 

wherein the chimeric gene is expressed in one or more 
types of plant cells at a level which is sufficient 
to create a quantity of a resulting polypeptide which 
can be removed from the plant and purified. 

5. A chimeric gene of claim 1 containing a 
3 ■ non-translated region derived from a gene which is 
naturally expressed in a plant cell. 

6- A chimeric gene of Claim 1 containing a 
' non-translated region containing a 
poly-adenylation signal derived from a gene which is 
naturally expressed in a plant cell. 

7. A chimeric gene of claim 1 wherein the 

5' non-translated region is derived from a gene which 
is naturally expressed in a plant cell. 

8. A chimeric gene of claim 1 which is 
characterized by the absence of a start codon between 
the promoter region and the start codon of the 
structural sequence. 

9. A chimeric gene of claim 1 which 
contains a spurious start codon and a stop codon 
between the promoter region and the start codon of 
the structural sequence, wherein the spurious start 
codon and stop codon are in the same reading frame. 
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10. A chimeric gene of Claim 1 wherein the 
promoter region is derived from a gene on a Ti or Ri 
plasmid which naturally occurs in bacteria of the 
9«nus Agrobact^nn. m 

U. A chimeric gene of claim 1 wherein the 
promoter region is derived from a gene which 
naturally exists within the genome of an 
untrans formed plant. 

12. A chimeric gene of Claim 1 wherein the 
promoter region is derived from a virus that is 
capable of infection one or more types of plant cells, 
viruc chlffle "<= <?ene of Claim 13 wherein the 

virus is a strain of a cauliflower mosaic virus 

14. A chimeric gene of Claim 13 which is 
expressed in one or more types of plant cells which 
are not normally infected by that strain of virus. 

15. A chimeric gene of claim 1 wherein the 
structural sequence is derived from a mammalian gene. 

16. A chimeric gene of claim wherein the 
structural sequence is derived from a bacterial gene. 

17. A chimeric gene of Claim 1 wherein the 
structural sequence codes for the translation of a 
Polypeptide which renders one or more types of plant 
cells or plants capable of surviving exposure to a 

LxTc tTL SUbStanCe ^ 3 «~r«ti« which is 
toxic to the untransformed plant cells or plants. 

ohviJ iC 96116 ° f Claim 17 Wherein ^e 

iTll ToT r//^ rend6rS Plant • 

cells or undifferentiated plant tissue incapable of 
being regenerated into a differentiated plant. 
Dhvt ; 9 ' A chiffi «i<= We of claim 17 wherein the 
Phytotoxic substance comprises a herbicide. 
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20. A chimeric gene of Claim 1 wherein the 
structural sequence is derived from a gene which 
naturally exists in untrans formed plant cells, and 
wherein the structural sequence is placed under the 
control of a promoter region derived from a plant 
gene other than the gene from which the structural 
sequence was derived. 

21. A chimeric gene of Claim 1 wherein a 
portion of the 'structural sequence is homologous 
with respect to the promoter. 

22. A microorganism containing a chimeric 
gene of Claim 1. 

23. A microorganism containing a chimeric 
gene of Claim 2. 

24. A microorganism containing a chimeric 
gene of Claim 3. 

25. a microorganism containing a chimeric 
gene of Claim 4. 

26. a culture of microorganisms containing 
plasmids having the relevant characteristics of 
plasmids contained in a culture of cells having an 
ATCC accession number selected from the group 
consisting of 39264 and 39265. 

27. a culture of microorganisms having the 

I^IT Cha " Cteristics « a culture of cells having 
an ATCC accession number selected from the group 
consisting of 39264 and 39265. 

28 . a culture of microorganisms descended 
from a culture of cells having an ATCC accession 
number selected from the group consisting of 39264 
and 39265. 

29. A method of evaluating the effect of a 
first segment of DNA upon the expression of a 
structural sequence in a plant cell, comprising- 
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ligating the first segment of DNA to a 
second segment of DNA which contains a structural 
sequence which codes for a marker polypeptide- 
b. inserting the ligated DNA segments into ' 
the genome of untransformed plant cells which were 
deficient in the marker polypeptide prior to the 
insertion of the ligated DNA segments, thereby 
creating transformed plant cells; 
c culturing the plant cells; and, 
d. determining whether the quantity of the 
marker polypeptide in the transformed plant cells 

greater the quantity of marker 

Polypeptide in the untransformed plant cells 
30. a method of claim 29 wherein the marker * 

substances. reslstant *» °ne or more phytotoxic 

in J'' * Chlmetic « ene «"WU. of expression 
?' ™ " "° re *»" ° f Pl«t cells, comprising a 

Claia 29 and a structural sequence which is 

I TLT respect t0 toe first se9 »* nt ° f 

32. A microorganism which contains a 
chimeric gene of Claim 31. 
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FIG. 2. 
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